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_ (57) Abstract: An hybrid power supply module is disclosed. The hybrid power supply module is configured for placement in a 
^ battery compartment of an electrically powered machine and includes a housing that contains a battery, an electrical generator or fuel 
and control electronics. The housiiig is sized to fit in the host electrically-powered machine's battery compartmenL The battery 
and electrical power generator or fuel cell are coupled electrically to the electronic controls. A method of replacing a battery in an 
O electric powered machine with a renewable power source is also disclosed. The method includes uncoupling the battery from the 
^ machine, removing the battery from a battery compartment of the machine, placing the hybrid power supply module in the battery 
^ compartment, and coupling the hybrid power supply module to the machine. 
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TITLE OF THE INVENTION: 

HYBRID POWER SUPPLY MODULE WITH INTERNAL COMBUSTION ENGINE OR FUEL CELL 



CROSS-REFERENCE TO RELATED APPLICATIONS: U.S. AppUcadon numben 
09/056,109. filed 04/06/98. This appKcation claims the benefit of priority fiom U.S. 
Provisional AppKcationNo. 60/197,391 filed April 14, 2000, which is hereby incorporated by 
reference. 

STATEMENT OF GOVERNMENT INTEREST: Not ^Hcable. 
BACKGROUND OF THE INVENTTON 

pooil The present invention relates generally to power supplies and, more particularly, to a 
hybrid removable power supply module for a machine such as a forklifl, a car, a truck or any 
motorized vehicle or other machines requiring a power source. 

[0002] Powered machinery, and particularly mobile machinery such as motorized vehicles, 
fork lifts, cars, trucks and vehicles using a regenerableable source of energy are generally 
designed to operate on either battery (e.g. rechargeable batteries) or fossil fuel power sources 
(e.g. internal combustion engine, turbine engme or fuel cell). While battery and fossil fiiel 
powered mobile machinery may have quite similar chassis, suspension, lift equipment and 
hydraulics, the drive portions of the machinery are generally designed specifically for eiAer a 
battery or fossil fiiel power supply. The nature of the drive system design makes electric and 
fossil fiiel machinery fimdamentally differrat and not interchangeable. For example, a 
forklift design optimized for battery power might include a chassis having an electric motor 
that powers drive wheels, and an additional electric motor that drives a hydraulic actuation 
system to power on board auxiliary systems such as lifting, tilting and gripping mechanisms. 
Whereas, a forklift design optimized for fossil fiiel power might incorporate an internal 
combustion engine that siQiplies rotary mechanical power to a single hydraulic system fix)m 
which pressurized fluid is nietered through operator controlled valves to hydraulic cylinders 
and motors which actuate lifting, tilting and gripping mechanisms and also drive iho wheels. 
This optimization of vehicle system designs around the power source makes converting 
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motorized vehicles or machinecy fiom one power source to another very difficult and 
expensive. 

[0003] Each power source option has unique advantages and disadvantages. For example, 
batteiy powered systems generally have low gaseous and thermal emissions but are 
disadvantageously heavy» have limited operating range and require an extended period of 
downtime to recharge. Fossil fiiel powered systems generally have high power density and 
less weight dian battery powered systems, but disadvantageously generate gaseous, themal, 
and auditory emissions. Consequently, batteiy powered machinery is typically used only in 
enviromnentally protected or un-vented areas, whereas fossil fiiel machinery is used in well- 
ventilated or exterior areas. As a result,, machine users with &cilities comprising both 
environmentally protected and exterior operating areas, such as forklift operators in 
warehouses with outside loading docks, must invest in both battery powered and fossil fuel 
powered machinery. Thus, there is a need for machinery that can be powered by either 
battery or fossil fuel power sources, i.e. a hybrid-power source. Furthermore, since a large 
installed base of self-pow^ed machinery and vehicles exist, there is a need for an inexpensive 
and efficient means of converting machine to hybrid-power capability. 

[0004] A number of concepts have been disclosed for hybrid-powered vehicles, either 
incorporating both power sources in the vehicle or permitting the replacement of one power 
source with fixe other* Also, many designs have been disclosed for removable power sources. 

[0005] U.S. Patent No. 3,983,952 by McKee discloses an electric vehicle with a removable 
energy supply module. McKee's removable energy supply module is comprised of a rack of 
batteries, with rollers arranged under the batteries to facilitate replacement of the battery 
module with another similar batteiy module, thus enabling operating with one battery module 
while another is recharged. 

[O0O6] U.S. Patent No. 5,25 1,721 to Qrtenheim discloses a battery and intemal combustion 
engine (ICE) hybrid powered automobile. A removable intemal combustion engine module 
is inserted when traveling long distances where the generation of exiiaust fumes is acceptable. 
This vehicle is otherwise powered by an electric motor, which is peraianently installed. The 
removable intonal combustion engine power module is coupled to an input sliafl when 
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installed in the vehicle, and directly siqq>lies lotaiy mechanical power to the vehicle's drive 
train. The internal comhustion oigine ou^ut is also arranged to recharge the batteries, which 
are carried in a removable cassette mider the vehicle. The battery cassette may be removed 
and the vehicle operated on power fiom fhe internal combustion engine alone. 

[00O7] U.S. Patent No. 4320,814 to Nfiddlehovm discloses a removable modular electro- 
hydraulic power source for mining machinoy. This invention purports to provide the ability 
to rapidly replace the electric motor prime movor, reduction gear set, and hydraulic pumps, 
thus reducing vehicle down time for maintenance. The removed module is thra refiubished 
in a facility better suited to such work than the mine. The power source for die disclosed 
system relies on externally provided electrical energy, supphed to the power source via an 
umbilical jSx>m a source remote fiom the mining machinery. 

[GOOB] U.S. Patent No. 5,419,13 1 Doppstadt describes a displaceably mounted power unit for 
use in a mobile waste processing madiine. This power unit is captured to the host machine 
on a hinged mount arranged to provide access to the machine's interior for maintenance and 
repair. 

[0009] Concepts for removable power supplies described above either do not permit a change 
over from one energy soiirce to another, or require additional structure and mechanisms 
necessary for both energy sources. Removable power supplies which do not permit switching 
between electrochemical and fossil fuel energy sources necessarily limit the vehicle 
25)plications as discussed above. Vehicles that require structure for both electrochemical and 
fossil fuel energy sources will necessarily be heavier, more costly and less reliable. Also, 
energy module designs that require special stmctural and mechanical interfaces with the 
vehicle necessarily mean that converting a host vehicle from one type of power source to the 
o&er will require expensive, time-consimiing and complex modifications. These 
shortcomings have added to the cost of converting vehicles to hybrid<-power sources, thus 
contributing to the limited commercial successes of hybrid-powered vehicles and hybrid- 
power conversions of existing vehicles. 

[0010] Thus, there is a need for a power supply module that will enable a vehicle to be 
selectively operated on either battery or fossil fiiel power without requiring additional 
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Structure and mechanisinR, or significant modifications to the deagn. There is a fiirtfaerneed 
for a power simply module that that may be selectively operated on either batt^ or fossil 
fuel power Hxsat may rqilace a battery power source in machinery that was designed to be 
powered by batt«y power only. There is also a need for a device that can n9)idly effect the 
conversion from battery power to fossil fuel power wifli miTiitrnmi modifications of the host 
vehicle. 

SUMMARY OF TEBB INVENTION 

[001 1] This invention conqnises a hybrid-power supply module diat is designed to fit within 
the battery compartment of an electrically powered machine» thus permitting the Tnaciitn^ to 
be conv^ed to hybrid power sinq>ly by replacmg the battery. 

[001 2] This invention also includes a method for converting an electrically powered machine 
to hybrid power by replacing tiie batt^ with a hybrid power sapply module. In a preferred 
embodiment, the method includes uncoiq>ling the batteiy from file machine^ removiiig the 
battery fix>m a batteiy compartmmt of the machine, placing the hybrid power simply module 
in the battery conq)artment, and cotq>]ing it to the machine. 

[001 3) The hybrid power supply module system includes a housing that contains a battery, an 
electrical power generator, and power supply control electronics. An operator display and 
interface is included separate from the housing and arranged to transmit operator commands 
to the hybrid power siq)ply module and retum operating information for display to the 
operator. The electrical power generator fiiel supply may be integral with or external to the 
housing. The electrical power generator may take the form of an internal combustion engine- 
driven generator, a fuel cell, or other generator. The hybrid power supply module electrical 
output is connected to the host machinery or vehicle's electrical power input through the 
electrical coimections used to connect the battery to the vehicle. 

[0014] By being interchangeable witii flie battery in terms of form, fit, electrical interface and 

electrical power characteristics, this invention provides a simple and inexpensive means for 

converting existing battery powered mobile machinery, such as a foridifl, to hybrid power 

with a minimum of host vehicle modification. This conversion will enable a battery powered 

electric forklift or other machine to operate on gaseous or liquid fossil fuels where such fiiels 

4 



wo 01/079012 PCT/USOl/12148 

are pennissible» while retaining fhe ability to function on battery power alone in areas where 
acoustic, thermal, and gaseous emissions are not desired. 

(001 SI By being interchangeable with a conventional batteiy, tfiis invmtion permits the 
vehicle to be converted back to all battery power when fossil fuel capabilities are not useful, 
thus providing the ability to inexpensively increase the machine endurance. 

[0016] Another objective of Ms invention is to provide a means by which a machine such as 
a forklift can be rapidly reconfigured between conventional batteiy only and combined 
battery and fuel cell or internal combustion mgine power. 

[0017] Yet mother objective of ibis patent is to provide a hybrid power supply module 
consisting of a fossil fueled intCTial combustion engine powered generator or a fuel cell 
generator capable of supplying the average energy needs of an industrial machine, such as a 
foric lift, mated with a battery which, together with the generator, are enable of satisfying 
peak power requirements, along with the systems to modulate and control state and rate of 
charge, pealc currents, and over running load power regeneration, all packaged in a volume 
and weight equal to or less than that of fhe battery that it replaces. . 

[0018] Another objective of this invmtion is to provide an.energy module that can enable on- 
the-fly change over of power supply so that a fork lift or othor mobile machine can operate 
without pollution in a factory wherein workers are employed and revert back to a warehouse 
using internal combustion provided power without stopping to make physical change to the 
vehicle. 

[0019] Accordingly, the present invention provides solutions to the shortcomings of prior 
power sources. Those of ordinary skill in the art will readily appreciate, however, that those 
and other details, features and advantages will become further apparmt as the following 
detailed description of fte preferred embodiments proceeds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1. is a cut awav perspective view of the first preferred embodiment of the 
invention showing components and their general arrangement; 
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100211 FIG. 2 is a schematic of the first preferred embodiment of the invention showing the 
interrelationship and coxmectivity of major components; 

10022] FIG. 3. is a cut awav p^spective view of ttie second preferred embodiment of the 
invention showing coxxq)onents and their general arrangement 

[0023] FIG. 4. is a schematic of the second preferred embodiment of the invention showing 
the interrelationship and coxmectiviQr of major componoits; 

[0024] FIG 5. is a perspective view of the invention being vertically installed into a 
conventional forklift 

DETAn^ DESCaEUraON OF THE INVENTION 

[0025] The drawings presented are for the purpose of illustrating present embodiments of die 
invention only and not for the purpose of limiting the same. 

[0026] The first preferred embodiment of the invention is presented as FIG. 1 and includes 
the hybrid power supply module 15. The hybrid power supply module 15 includes a housing 
2. Portions of the exterior surfaces of the housing 2 have been cut away in FIG. Ho reveal 
interior details and exemplary arrangements of various components. Enclosed within the 
housing 2 are a battery 1, a fiiel cell electrical power generator 3, and control electronics 4. 
The fiiel cell electrical power generator 3 and control electronics 4 are electrically connected 
via cabling not shown. The battery 1 and control electronics 4 are electrically connected via 
cabling 5, which may include a plug disconnect 9 in series. The hybrid power supply module 
15 is electrically coimected to the host vehicle's power input via electrical cabling and a plug 
discomect 7. An operator display and interface 10 is electrically linked to the control 
electronics 4, through an umbilical 1 1 and plug discbxmect 12, or via a wireless coimection 
(not shown). The battery I may be alead acid type commonly used in mobile machinery or 
otfa^ any other type. . The battery 1 size, and voltage are determined by the electrical power 
requirmients of die host vehicle. The fuel cell electrical power gen^ator may be of the type 
disclosed by Kaufinan and Werth in United States Patents 5,292,600 and 5,629,102, or they 
may be any other type which produces electrical power. The control electronics 4 conditions 
and modulates the flow of electrical energy to the battery I and driven machine. 
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[0027] The hybrid power simply module 15 housing 2 may be fabricated from, for example, 
metal, plastic, or anottier suitable material and may be sized to fit into the battety 
compartment of an electric powered mobile machine such as a foric lift or other mobile 
equipment The housing 2 of FIG. 1, may also have a smooth exterior surfece and lack 
protrusions from the ext^or surface to simplify installation into and removal from battery 
conqjartmeit The housing 2 is equipped with first lift point 13 and second lift point 14 to 
facilitate handling by overhead hoist machinery. Ports for exterior air intake and exhaust 
discharge 8 may be provided and are depicted on the side of the module in FIG. 1 . The air 
intake and exhaust discharge ports 8 may alternately be located on any side, top, or bottom of 
the housing 2. 

[0028} The fuel cell fiiel storage container is depicted as being integral with the fuel cell 3 
and thus may be incorporated into the hoiising 2 as shown in FIG. 1 , to form a single, self- 
contained hybrid power siq>ply module 15 that can be lifted, transported, stored, installed, 
operated, and removed from the host machine as a single unit In another embodiment, the 
fuel storage tank not shown is carried by the host vehicle external to the hybrid power supply 
module 15. The fiiel supply tank, not shown, will have a pipe connection, not shown, to 
convey fiiel to the fuel cell 3, and may have a fill connection, not shown, to replenish fiiel, 
and a means to sense and transmit fiiel level to the control electronics 4, not shown. 

[0029] The fiiel cell 3 may be a common type that oxidizes hydrogen or other fuel and 
produces an electrical current The fiiel cell 3 will be electrically cormected to the control 
electronics 4. The control electronics 4 will monitor all facets of the hybrid power supply 
module 15 including fbc fiiel cell's 3 teixq>erature and other operating parameters, fiiel supply 
level, electrical currents, and battery 1 voltage. 

[0030] The first preferred embodiment of the invention is presented schonatically in FIG. 2. 
Referring now to FIG. 2, as shown in the schematic, solid lines depict the flow of power 
whereas dashed lines depict the flow of information. The battery 1, electronic controls 4, and 
host vehicle 3 1 power ixipat 7 are electrically connected in parallel on a single buss 16. The 
control electronics 4 will condition die electrical energy &om the fiiel cell generator 3 and 
supply current to the buss 16. The electronic controls 4 are arranged to continuously and 
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automatically modulate fiie electrical cunent to the buss 16 in consonance with its measured 
dectrical potential to accommodate a rapidly varying demand. 

[00311 The buss 16 potential corresponds very closely with the battery 1 potaitial. Those 
practiced in the art know tfiat a lead acid battery's 1 state of charge can be determined by, 
among other means, its electrical potential A higji electrical potential indicates a higher 
charge and conversely, a low electrical potential indicates a lower charge. 

[0032] The fork lift truck or other host vehicle 3 1 will have varying power demands. Power 
demanded by the host vehicle 31 will draw electrical cxirrent from the buss 16. In the absence 
of a fuel cell, the battery 1 electrical potential, and therefore buss 16 potential, will drop witii 
increasing host vdiicle 31 current demand. 

[0033] For example, in an embodiment of the invention that may be used to power a 
commercial forldifk, the hybrid power supply module 20 could consist of a 2,5 KW or so fuel 
cell 3 and a 48 volt potential, 8 kilowatt-hour, or so, capacity lead acid battery 1, and 
electronic controls 4 all contained within a steel housing 2. The battery 1 capacity can also be 
expressed in ampere-hours. In this case, a 48 volt, 8 kilowatt-hour battery will have a capacity 
of about 167 ampere-hours. This edacity is generally the value which the battery can supply 
at a constant rate over a six hour time period and is thus referred to as the •*six hour rate'* by 
those practiced in the art As stated before, the battery 1, electronic controls 4, and host 
vehicle power mput 7 are electrically cormected in parallel on a single buss 16. 

[0034] The battery 1 potential is generally equal to the product of the number of cells and the 
cell potential. A lead acid battery will have a nominal open circuit potential of slightly over 
2.0 volts per cell ^en fully charged. The 48 volt battery 1 used in this illustrative example 
has 48/2 or 24 celts. The battery 1 potential drops as energy is removed, and is generally 
considered discharged by those practiced in &e art when the per cell open circuit potential 
reaches 1 .75 volts or, when multiplied by twenty four cells, 42.0 volts for this illustrative 
example. 

[003^ In addition, the batteiy 1 voltage will drop when siq>plying current to a connected 
electrical load. The reduction in voltage will be greater with increasing current drawn from 
the battery 1 and may reach a value of 0.2 volts per cell or more. For the illustrative example, 
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this translates to 48 v- [02 v/ccn][24 cells] or 43^ volts for a fidly charged battery 26 or 42 v 
- [0^ v/cell][24 cells] or 372 volts when fully discharged. 

100361 A lead acid battery is rediarged by reversing the flow of dectriccuTTOT 
flows fiom higher potential to a lower one, so for electrical current to flow into the battery its 
potential must exceed that of the battery 1 . Charging potentials for lead add batteries are 
typically about 0.3 volts per cell, or so, above die battery's 1 open circuit potential which wiU 
result in an electrical current rougjily equivalent to 15 percent of the ••six hour rate" amp^e- 
hour rating. Greater potmtials and currents are not desirable, smce these may damage the 
battery 1. Furthermore, as the battery 1 is charged die current must be reduced so the battery 1 
does not overheat 

[0037] When the battery 1 is at a low charge, or current draws by die host vehicle 3 1 is high, 
as indicated by a low electrical buss 16 potential, the fuel cell 3 and electronic controls 4 will 
supply a higher current to the buss 16. When fliere is little current drawn by the host vehicle 
3 1 and the battery 1 is nearly fully charged, as indicated by a high electrical buss 16 potential, 
the fuel cell 3 and electronic controls 4 will supply a smaller current to the buss 16. The fuel 
cell 3 and electroiuc controls 4 will reduce die current to die battery 1 to a very small value 
when it reaches a value which corresponds to a fully charged battery 1 . In one preferred 
embodiment of the invention, the fuel cell 3 and electronic controls 4 are arranged to provide 
maximum cuirent at buss potentials below about 1 .75 volts per cell, current in amperes of 
approximately 15 percent of the battery 1 ••six hour rate*' ampere-hour rating at buss 16 
potentials from 1.75 to 2.1 volts per cell, current of about 4 percent of die battery 1 ••six hour 
rate*' ampere-hour rating at buss 16 potentials from 2.1 to 2.7 volts p^ cell, and current not 
exceeding 0.5 percent of the battery 1 six hour ampere-hour rating at buss 16 potentials above 
2.7 volts per cell. When static or opmting at low loads, the electrical current siQ>plied to the 
buss 16 from the fiiel cell 3 via electronic controls 4 serves to maititnin the battery 1 in a state 
of hi^ charge and to prevmt damagis from overcharging. This translates to die following for 
the aforementioned illustrative exanq)le: 
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Buss Potential, Volts 


Cunent Siq>plied to Buss by 
Genezator and Electronic Controls, 
Amperes 


Below 42 


70 


42 to 50.4 


25 


50.4 to 64.8 


7 


Above 64.9 


1 



[0038] The fuel cell 3 may not be capable of siq>plying the transient peak energy demands of 
the foiklift 31 or other host vehicle. This will manifest itself ^en more electrical current is 
drawn finom the buss 16 than can be supplied by the fuel cell 3 via the electronic controls 4. In 
this instance, flie excess power required is supplied by the battery 1 . This occurs when the 
host vehicle's 31 electrical current demand exceeds the maximiun value of electrical ciirrent 
available from the fuel cell 3 and electronic controls 4. In the case of this illustrative example, 
the current from the fuel cell 3 via the control electronics 4 which noraially charges the 
battery 1 reverses to make up the difference. This reversal occurs automatically and passively. 
After tiie transient event has passed, and the host vehicle 3 1 electrical current demand drops 
to a value below that which is supplied by the fuel cell 3 and electronic controls 4, the surplus 
current will once again be returned to the battery 1 for charging. 

[0039] Also in the embodiment illustrated in FIG. 2, an operator display and interface 10 is 
linked to the electronic controls 4, for ^cample, by wiring throng an umbilical 1 1 and plug 
12, or via a wireless connection (not shown). In the embodiment in which flie operator 
display and interface 10 is wired to the electronic controls 4, the operator display and 
interface 10. will receive electrical power from the battery 1 and / or fuel cell 3 via the 
electronic controls 4. In the embodiment in which the operator display and interface 10 uses a 
wireless coimection not shown between the electronic controls 4 and operator display and 
interface 10, electrical power to operate the display 10 may be supplied by a conunercially 
available disposable or rechargeable battery (not shown) mounted within the operator display 
and interface 10. In operation, the operator display and interface 10 continuously informs the 
himian operator of the state of battery 1 charge, fixel cell 3 status, and ottier sensed 
parameters, and advises when the fuel cell 3 should be operated. The operator display and 
mterface 10 may incorporate a screen, gauges, light emitting diodes or other apparatuses (not 
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shown) for conveying the measured parameters. In one embodiment, a switch (not shown) is 
provided on the oi>erator display and interface 10 for the operator to select manual or 
automatic fuel cell 3 operation. Push buttons (not shown) are provided on the operator display 
and inter&ce 10 for starting and securing the fuel cell 3 when in the manual mode. 

[0040] The hybrid power supply module 15 may have two modes of operation: manual ^d 
automatic. In Uie manual mode» die authority to operate the fiiel cell 3 resides with the 
operator. The operator may» for example, start ttie fuel cell 3 to replenish the battery 1 charge 
by depressing the start button (not shown) on the operator display and interface 10. The fuel 
cell 3 will fiien start and siqiply electrical current to the buss 1 6 via controls 4 widiout further 
action by the operator. Depressing die stop button (not shown) will secure die fiiel cell 3. The 
electronic controls 4 may also function to. shut-off the fiiel cell 3 autpmadcally if the battery 1 
becomes 1 00% charged to prevent damage to the batteiy 1 from overcharging. The manual 
mode is generally selected to prevent operadon of ttie fuel cell 3 viien operating in areas 
where waste heat, moisture, and fiunes are problematic. The automatic mode is generally 
used when functioning in areas v/hm the waste heat, moisture, and fumes from the fiiel cell 3 
are acceptable. In all cases, the electronic controls 4 will inform the operator of the state of 
charge of the battery 1 and advise when the fiiel cell 3 should be operated to replenish the 
battery 1 when discharged. In the automatic mode, the electronic controls 4 will automatically 
start, operate, and secure the fiiel cell 3 in accordance with predetermined values of sensed 
parameters including battery charge level and host vehicle energy consumption rate. 

[0041] Whether in manual or automatic mode, the fimction of the fuel cell 3 is overseen by 
the electronic controls 4 which starts, operates, monitors, and secures the fiiel cell 3 without 
fiirther acdon by ttie operator. The electronic controls 4 monitor the fiiel cell 3 performance 
parameters such as temperature, fiiel level, and electrical status, and convey visual and 
audible alerts, cautions, and warnings to the operator via the operator interface and display 10 
when values outside a prescribed range are sensed. The fiiel cell 3 may be arranged to 
automatically reduce output or secure if a critical sensed parameter such as temperature 
reaches a predetennined threshold. In that event, the operator will also be notified via visual 
and audible alerts of the termination along with the condition that caused die shut-dowiL 
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(0042) The second preferred embodimeat of tiie invention is presented in FIG. 3 and includes 
the hybrid power simply module 20. The hybrid power supply module 20 includes an housing 
25. Portions of ttie exterior surfiices of the housing 25 have been cut away in FIG. 3 to reveal 
intoior details and exemplary arrangements of various components. Enclosed wittiin tiie 
housing 25 are a battery 26, an internal combustion engine 21 drivingly coimected to an 
generator 22, a fuel storage tank 23, and control electronics 24. The electrical power 
generator 22 and control electronics 24 are electrically connected via cabling, not shown. The 
battery 26 and control electronics 24 are also electrically coimected via cabling, not shown. 
The hybrid power supply module 20 depicted in FIG. 3 is electrically connected to the host 
vehicle's power input via electrical cabling and a plug disconnect 27. An operator display and 
inter&ce 28^ is electrically linked to the control electronics 24» through an umbilical 29 and 
plug discomiect 30, or via a wireless connection, not shown. 

I0043J The hybrid power supply module housing 25 may be fiibricated fix)m, for example, 
metal, plastic, or another suitable material and may be sized to fit into fhe battery 
compartment of an electric powered mobile machine such as a fork lift or other mobile piece 
of equipment. By way of example, a hybrid power supply module housing suitable for 
industrial machinery may have external dimensions on the order of 15 to 24 inches in width, 
30 to 50 inches in length, and 18 to 30 inches in height. In a preferred embodiment, of a 
hybrid power supply module housing for a fork lift, the housing external width, length, and 
height are ^yproximately 21, 38, and 24 inches respectively. The housing 25 of FIG. 3, may 
also have a smooth exterior surface and lack protrusions from the exterior surface to simplify 
installation and removal into said battery compartmient. The housing is equipped with a first 
lift points 18 and a second lift point 19 to facilitate handling by overhead hoist machinery not 
shown. Ports for exterior air intake and exhaust discharge 32 are depicted on the bottom of 
the hybrid power si^ly module 20 in FIG. 3. The exterior air intake and exhaust discharge 
ports 32 may alternately be located on any side or top of the housing 25. 

[0044] The mtemal combustion engine 21 may consume fossil fiiel such as, for example, 

gasoline, diesel, propane gas, natural gas, or other fuel such as alcohol and may be of 

reciprocatihg (i.e., piston driven) or rotary engine design. The internal combustion engine 21 

may also be a spark ignition type engine, such as a gasoline reciprocating or rotary engine 

that uses spark plugs to ignite the fiiel, or a compression ignition type engine, such as a diesel 
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CTgine. For example, a suitable internal combustion engine would Fischer Panda PMS 04 D, 
which produces 4 Kilowatts of electrical power using diesel fuel and is contained within an 
envelope of 21 mch higji, 21 inches long, and 15 inches wide including starting, cooling, 
mufiOang, and engine control systons. The internal combustion engine 21 will be fitted with 
ancillaiy starting, intake air filtration, cooling, lubricating, muffling, and speed governing 
systems well known to those practiced in the art and not shown in any FIG. All such ancillary 
equipment and systems are contained within the housing 25. The internal combustion engine 
21 will be fitted with sensors not shown which provide an electrical signal which can be 
conrelated to the engine 21 temperature and lubricating oil pressure. These sensed parameters 
will be transmitted to the electrical controls 24 via electrical cabling not shown. 

[004q The fuel storage tank 23 may be incorporated into the housing 25 as depicted in 
FIG. 3, to fi>im a single, self-contained hybrid power supply module 20 that can be lifted, 
transported, stored, installed, operated, and removed fiom the host machine as a single unit 
In anotiier embodiment, the fixel storage tank 23 is carried by the host vehicle external to the 
hybrid power supply module 20. The fuel supply tank will have a pipe coxmection not shown 
to convey fiiel to the internal combustion engine 21, a fill connection not shown to replenish 
fuel, and a means to sense and transmit fiiel level to the control electronics 24, also not 
shown. 

[0046] The generator 22 may be a common type that converts mechanical energy, in the form 
of, for example, a rotating shaft of the intmial combustion engine 21, to electrical energy. 
The gmerator 22 will be electrically cormected to the control electronics 24. The control 
electronics will monitor all facets of the hybrid power supply module 20 including the 
internal combustion engine's 21 speed, temperature, and lubricating oil pressure, fiiel tanir 23 
level, electrical currents, and batteiy 26 voltage / state of charge. 

10047] The second preferred embodiment of the invention is presented schematically in FIG. 
4. As shown in the schematic, solid lines depict the flow of power whereas dashed lines 
depict the flow of information such as commands and sensed parameter feedback. Referring 
now to FIG. 4, flie battery 26 , electronic controls 24, and host vehicle 31 power irq>ut 27 are 
electrically connected in parallel on a single buss 17. The control electronics 24 will rectify 
and condition the electrical energy fix>m the generator 22 and siq^ply current to the buss 17. 

13 
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The electronic controls 24 are ananged to contmuously and automatically modulate the 
electrical current to Ifae buss 17 in consonance vnlh its measured electrical potential to 
automatically accommodate a rapidly varying power demand. 

[0048] The buss 17 potential corresponds very closely with tiie battery 26 potential. Those 
practiced in tiie art know that a lead acid battery's 26 state of charge can be detemiined by» 
among other means, its electrical potential. A high electrical potential indicates a higher 
charge and conversely, a low electrical potential indicates a lower charge. 

[0040] The fork lift truck or oflier host vehicle 31 will have varying oiergy demands. 
Demand from the host vehicle 3 1 will draw electrical current from the buss 17. In the absience 
of a generator, the battery 26 electrical potential, and therefore buss 17 i>otential, will drop 
with increasmg host vehicle 3 1 current demand. 

[0050] For example, in an embodiment of the invention that may be used to power a 
commercial foiWift, the hybrid power supply module 20 could consist of a 5 horse power 
internal combustion engine 21 coupled to a 2.5 KW electrical generator 22 and a 48 volt 
potential, 8 kilowatt-hour edacity lead acid battery 26, and electronic controls 24 within a 
steel housing 25. The engine may be coupled to the generator by a direct or flexible shaft, 
gear box, toothed belt, v-belt or other suitable mechanism for transferring rotary power. The 
battery 26 capacity can also be expressed in ampere-hours of energy. Generally, this rating is 
at a rate which would deplete eighty pCTcent of the battery energy over a six hour period. In 
this case, a 48 volt, 8 kilowatt-hour battery will have a capacity of about 167 ampere-hours. 
This battery is then similar to &at used in tiie jSrst preferred embodiinent of the invention 
described above and as such will have an open circuit potential of 48 volts when fully 
charged and £pproximately 42 volts when eighty percent discharged. The battery potential 
when supplying electrical energy will similarly be reduced to a value of approximately 43.2 
volts when fiilly charged and 37.2 volts when eighty percent discharged as described in &e 
first preferred embodimait The charact^stics of flie electrical potential required to recharge 
the battery 26 will also be similar to that described for the first embodiment of the invention. 

[0051] When the battery 26 is at a low charge, or current drawn by the host vehicle 3 1 is 
high, as indicated by a low electrical buss 17 potential, the generator 22 and electronic 
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controls 24 will sxipply a higher cuirait to the buss 1 7. When fliere is little current drawn by 
the host vehicle 3 1 and the batt^ 26 is nearly fuUy charged, as indicated by a high electrical 
buss 17 potential, the generator 22 and electronic controls 24 will siq)ply a smaller current to 
the buss 17. The generator 22 and electronic controls 24 will reduce the current to the battery 
26 to a very small value when it reaches a value vAncix corresponds to a fully charged battery 
26. In one preferred embodiment of the invention, &e generator 22 and electronic controls 24 
are arranged to provide maximum current at buss potentials below about 1.75 volts per cell, 
current in amperes of approximately 15 percent of the battery 26 six hour ampere-hoiir rating 
at buss 17 potentials from 1.75 to 2.1 volts per cell, cxirrent of about 4 percent of the battery 
26 six hour ampere-hour rating at buss 17 potentials from 2.1 to 2.7 volts per cell, and current 
not exceeding 0.5 percent of the battery 26 six hour ampere-hour rating at buss 17 potentials 
above 2.7 volts per cell. When static or operating at low loads, the electrical current supplied 
to the buss 17 from the generator 22 and electronic controls 24 serves to maintain the battery 
26 in a state of hi^ charge and to prevent damage from overcharsing. This translates to the 
following for the illustrative example: 



Buss Potential, Volts 


Current Supplied to Buss by 
Generator and Electronic Controls, 
Amperes 


Below 42 


70 


42 to 50.4 


25 


50.4 to 64.8 


7 


Above 64.9 


1 



[0052] The electrical power generator 22 may not be c£^able of supplying the transient peak 
energy demands of the forklift 31 or other host vehicle. This will manifest itself v/hta more 
electrical ciuxent is drawn from the buss 17 than can be supplied by the generator 22 via the 
electronic controls 24. In this instance, the excess power required is supplied by the battery 
26. This occurs when the host vehicle's 31 electrical current demand exceeds die maximimi 
value of electrical current available from the generator 22 and electronic controls 24. In this 
case, the current from the generator 22 via the control electronics 24 which normally charges 
the battery 26 reverses to make up the difference. This reversal occurs automatically and 
passively. Aftor the transient event has passed, and the host vehicle 31 electrical current 
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demand drops to a value below tbst supplied by the generator 22 and electronic controls 24, 
tile surplus current will once again be retained to the battery 26 for charging. 

100531 Also in die second prefenned embodiment illustrated in FIG. 4, an operator display and 
inter&ce is linked to the electronic controls 24, for exanq>le, by wiring through an umbilical 
29 and plug 30, or via a wireless coxmection not shown. In the embodiment in which the 
operator display and int^&ce 28 is wired to the electronic controls 24, the operator display 
and interface 28 will receive electrical power from die battery 26 via die electronic controls 
24. In the embodiment in which the operator display and interface 28 uses a wireless 
connection between the electronic controls 24 and operator diq>lay and interjG^e 28, electrical 
power to operate die display 28 may be supplied by a commercially available disposable or 
rechargeable battery not shown moimted within the operator display and interftce 28. hi 
operation, the operator display and interface 28 continuously infomis the human operator of 
the state of battery charge, electrical generator fuel tank level, and other sensed parameters, 
and advises when die generator 22 should be operated. The operator display and interface 28 
may incorporate a screen, gauges, light emitting diodes or other ^aratuses not shown for 
convejring the measured parameters. In one embodiment, a switch not shown is provided at 
the operator display and interface 28 for the operator to select manual or automatic generator 
22 operation. Push buttons not shown are provided for starting and stopping the generator 22 
when in the manual mode. 

[0054] The hybrid power supply module 20 may have two modes of operation: manual and 
automatic. In the manual mode, the authority to operate the generator 22 resides widi the 
operator. The operator may, for example, start the generator 22 to rq>lmish the battery 26 
charge by depressing die start button on the operator display and interface 28. The power 
generator 22 will then start and supply electrical current to the buss 17 without further action 
by the operator. Depressing the stop button not shown will shut-off die generator 22. The 
electronic controls 24 may also function to shut-off the power generator 22 automatically if 
die batteiy 26 becomes 100% charged to prevent damage to the battery 26 fiom overcharging. 
In the automatic mode, the electronic controls 24 will automatically start and shut-off the 
generator 22 in accordance with predetermined values of sensed parametera including batteiy 
charge level and rate of energy consumption. 
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[0055] The manual mode is generally selected to prevent operation of the power intemal 
combustion mgtne 21 when functioning in areas where noise, heat, and fiimes are 
problematic. The automatic mode is generally used when functioning in areas where the 
noise, heat, and fumes firom the intemal combustion engine 21 are acceptable. In all cases, 
the op^ator display and interface 28 will inform the operator of the state of charge of the 
battery 26 and advise when flie generator 22 should be operated 

(oosq Whether under manual or automatic control, the function of the generator is overseen 
by flie electronic controls 24 which starts, operates, and monitors, and secures the generator 
without action by the operator beyond pressing the appropriate button. 

[0057] The electromc controls 24 monitor the intemal combustion engine 22 performance 
parameters such as temperature, oil pressure, fuel level, and electrical status, and conveys 
visual and audible warnings to the operator via the operator interface and display 28 when * 
values outside a presoibed range are sensed. Hie intemal combustion engine 21 and 
electrical generator 22 are shut down and secured automatically if a critical sensed parameter 
such as oil pressure or temperature reaches a predetranined threshold. In that event, the 
operator will also be notified via visual and audible alerts of fiie temiination along widi the 
condition that caused the shut*down. 

[0058] Referring now to FIG. 5, the hybrid power supply module 20 is shown being lowered 
into an electric fork Uft 33 battery compartment 34 wherein an access cover 35 of the fofklifl 
33 is opened to receive the hybrid power si^jply module 20. While the second preferred 
embodiment of the hybrid power supply module 20 has been used to illustrate the act of 
installing it in the place of the regular electric fork lift 33 battery not shown. The installation 
of the first embodiment of the hybrid power supply module will be similar. The hybrid 
power si9)ply module 20 may be placed in the forklift 33 by some means of an overhead 
lifting device not shown. It is also shown that the invention may be equipped with lifting 
fixtures 36 and associated hardware to fiicilitate handling by an overhead lifting device not 
shown. The forklift 33 illustrated includes an electrically powered drive train consisting of 
omni directional ^eels 37 that are rotatably attached to the fork lifl 33 chassis. A lifting 
mechanism 38 is also operably afiSxed to the fork lift 33 which may, for exanq>Ie, include 
lifting, tilting and gripping mechanisms to ficilitate material handlmg by the foric lift 33. As 
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evidenced by the foregoing description, one aspect of this invention is the design of a 
ranovable hybrid power supply module 20 for machinery such as, but not limited to, a 
forkUftSS. 

[0059] In another embodimoit, an external combustion engine may be coupled to an electric 
generator and enclosed within a housing witti an electrical storage device such as a batteiy . 
In such an embodimmt, an external heat transfer device, such as a boiler or burner, adds 
eneigy to tiie woiking fluid, such as water or air, which is then expanded within the engine to 
drive a piston or turbine, whidi turns a drive shaft. The drive shaft of the «tenial 
combustion engine is coupled, such as ttirough a gear box, a toothed belt or a v-belt, to an 
electric generator which produces electricity used to operate the vehicle and to charge the 
battery. A suitable external combustion engine would be a gas turbine. 

[0060] In yet another embodimoit, an external source of high pressure gas, such as 
compressed air, is used as the working fluid that drives a piston or turbine engine which is 
coupled to an electrical storage device. In such an embodiment, compressed gas is fed Smm 
an external compressor or gas storage tank to tfie engine via a high pressure hose. The high 
pressure gas is expanded widiin the engine to drive a piston or turbine, which turns a drive 
shaft. The drive shaft of &e conq^ressed-gas engine is coupled to an electric generator which 
produces electricity used to operate the vehicle and to charge the battery. Such an 
embodiment would be useful in iq>plications where environmental considerations preclude 
using a combustion engine, operational requirements exceed the stored energy edacity of 
batteries and it is possible to coimect the vehicle to a high pressure air supply via an air hose. 

[0061] While various embodiments of the present invention have been described above and 
in the drawings, it should be understood that they have been presented only as examples, and 
not as limitations. Thus, the breadth and scope of the present invention should not be limited 
by any of the above-described exemplary embodiments, but should be defined only in 
accordance with the following claims and their equivalents. 
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CLAIMS 

What is claimed is: 

1. A removable power source, comprising: 
a hoiising ; 

a battery disposed within said housing; 

an electrical power generator disposed within said housing; and 

a power control module disposed within said housing and coupled to said battery and 

said electrical power genmtor and aiianged to siqsply power to a machine fiom either said 

battery or said generaton 

2. The power source of claim 1, whoein said electrical power generator further 
comprises: 

an internal combustion engine; and 

an electrical generator coiq>led to said internal combustion engine. 

3. The power source of claim 1, wherein said electrical power generator further 
comprises a fuel celL 

4. The power source of claim 1, wherein said housing is sized to fit in a compartment far 
holding a battery of said machine. 

5. The power source of claim 4, wherein said housing is removable fiom the 
compartment for holding a battery. 

6. The power source of claim 2, wherein said internal combustion engine is a spaik 
ignition engine. 

7. The power source of claim 2, wherein said internal combustion engine is a 
compression ignition engine. 

8. The power source of claim 2, wherein said internal combustion engine is a rotary 
engine. 
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9. The power source of claim 2, wherein said intemal combustion en^e is a 
reciprocating engine. 

10 Jl method of rq>Iacing a battery in an electric powered machine wiftx a r^idly 
renewable power source, conqnising: 

uncoupling the battery from flie machine; 

removing the battery fix>m flie battery compartment of the machine; 
placing a nq>idly renewable power source in &e battery compartment and 
coxq)ling the npidly renewable power source to the machine. 

11. A method for conv^ting a batt^-powered machine to a hybrid powered 
machine comprising tiie steps: 

uncoupling the battery from the machine; 
removing the battery from the machine; 

placing a hybrid power source ia the battery compartment of flie machine; and 
coiq>ling the hybrid power source to the machine. 

12. A v^cle, comprising: 
a chassis; 

a wheel rotatably attached to said chassis ; 
an electric motor coupled to said chassis and to said wheel; and 
a power source electrically coupled to said electric motor, said power source 
comprising; 

a housing, 

a battery disposed within said housing, 

a power control module disposed within said housing and coupled to said battery, 
and 

an electrical power generator disposed within said housing and coupled to said 
power control module. 

1 3. Hie vehicle disclosed in claim 12 wherein said vehicle is a forklift further 
comprising 

a lifting mechanism coupled to said chassis. 
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14. The vehicle disclosed in claim 12 wherein said vehicle is a woik platfonn fiulh^ 
comprising a scissor type lifting mechanism coupled to said chassis. 

15. The vehicle of claim 12, wherein said housing is removable as a unit 

16. The power source of claim 1, wherein said electrical power generator further 
comprises: 

an external combustion engine; and 

an electrical generator coupled to said jextemal combustion engine. 

17. The power source of claim 16, wherein said external combustion engine is a gas 
turbine. 
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KE, LS. MW. MZ, SD. SL, SZ, TZ. UG, ZW). Eurasian 
patent (AM, AZ. BY. KG, KZ. MD, RU, TJ, TM), European 
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IT, LU, MC. NL, PT, SE, TR), OAPI patent (BP, BJ. CP. 
CG, CT, CM. GA, GN, GW. ML, MR. NE, SN, TD. TG). 

f Continued on next page] 



(54) Title: HYBRID POWER SUPPLY MODULE 




(57) Abstract: An hybrid power supply module is disclosed. The hybrid power supply module is configured for placement in a 
^ battery compartment of an electrically powered machine and includes a housing that contains a battery, an electrical generator or fuel 
^ cell, and control electronics. The housing is sized to fit in the host elecoically-powered machine's battery compartment The battery 

and electrical power generator or fuel cell are coupled electrically to the electronic controls. A method of replacing a battery in an 
O elecnic powered machine with a renewable power source is also disclosed. The method includes uncoupling the battery from the 
^ machine, removing the battery ftom a battery compartment of the machine, placing the hybrid power supply module in the battery 
^ compartment, and coupling the hybrid power supply module to the machine. 
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TITLE OF THE INVENTION: 



H^nid Power Siq)ply Module 
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CROSS-REFERENCE TO RELATED APPLTCATTONS: U,S. AppKcation number 
09/056,109, filed 04/06/98. This ^Ucation claims die benefit of priority ftom U.S. 
Provisional AfipUcadon No. 60/197,391 filed April 14, 2000, which is her^ incorporated by 
reference. 

STATEMENT OF GOVERNMENT INTEREST: Not applicable. 
BACKGROUND OF TEIE INVENTION 

{pool] The present invention relates generally to power sillies and, more particularly, to a 
hybrid removable power si^Iy module for a machine such as a forklift, a car, a truck or any 
motorized vehicle or odier madiines requiring a power source. 

[Q002I Powered machinery, and particularly mobile machinery such as motorized vehicles, 
fork lifts, cars, tmdcs and vehicles using a regenerableable source of energy are generally 
designed to operate on either battery (e.g. recbargeable batteries) or fossil fiiel power souxves 
(e.g. internal cornbustion engine, turbine engine or fiiel cell). While battery and fi)ssil fiiel 
powered mobile machinery may have quite similar chassis, suspension, lift equipment and 
IqrdrauUcs, the drive portions of the machineiy are genmdly designed specifically for eitha a 
battery or fossil fiiel power supply. The nature of ttte drive system design makes electric and 
fi>6sil fiiel machinery fimdamentally different and not interchangeable. Forexanq>le, a 
forkliit design optimized for battery power mig^ include a chassis having an electric motor 
that powers drive wheels, and an additional electric motor that drives ahydraulic actuation 
system to power on board amdliaxy systems such as lifting, tilting and gripping mechanisms. 
Whereas, a fi>rklifi design optimized for fossil fuel power might incorporate an internal 
combustion engine that supplies rotary mechamcal power to a single hydraulic system fiom 
which pressurized fluid is metered through operator controlled valves to hydraulic cylinders 
and motors which actuate lifting, tilting and gripping mechanisms and also drive fiie wheels. 
This qptimization of vehicle system designs around the power source makes converting 
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xnotonzed vducles or machinery from one power source to another very difficult and 
esq^nsive. 

P003I Eadipow^ source option has unique advantages and disadvantage Forexair^Ie, 
battery powered systems general^ have low gaseous and thermal emissions but are 
disadvantageously heavy, have hmiled operating range and require an extended period of 
downtime to recharge. Fossil fud powered sfysteinsgerierally have high power density and 
less weight than battery powered systems, but disadvantageous^ generate gaseous, thermal, 
and auditory emissions. Consequeody, battery powered machinery is typically used only in 
environm e n t all y protected or un-vented areas, whereas fi3sal fuel madunexy is used in well- 
ventilated or exterior areas. As a result,, madiinery uscts with fiidlities con5}rising both 
environmentally protected and exterior operating areas, such as fbikliit operators in 
warehouses with outside loading docks, must invest m both battery powered and fossil fuel 
powered machinery. Thus, there is a need for machinery that can be powered by dther 
battery or fossil feel power sources, ie. a hybiid-power source. Furthermore, since a large 
installed base of self-powered machinery and vehicles exist, there is a need for an ine}q>ensive 
and effident means of converting machinery to hybrid-power capability. 

(P004] A numbo: of concepts have been disclosed fi>r hybrid-powered vehicles, dther 
incorporating both power sources in Ihe vdiicle or permitting the rq)lacement of one power 
source with the other. Also, many designs have been disclosed for removable power sources. 

P005] UJS. Patmt No. 3,983,952 by McKee discloses an electric vehicle with a removable 
energy siq>ply module. McKee's removable energy supply module is comprised of a radc of 
batteries, with rollers arranged under the batteries to fiidUtate replacement of the battery 
module with another similar battery module, thus enabling operating with one battery module 
wldle another is recharged. 

[0006] U.S. Patent No. 5,251,721 to Qrtenheim discloses a battery and internal combustion 
engine (ICE) hybrid powered automobile. A removable internal combustion engine module 
is inserted when traveling long distances where fhe generation of exhaust femes is accq>table. 
This vdiicle is otherwise powa:ed by an electric motor, which is permanently fngtt^ii«»4^. The 
removable internal combustion engine power module is coiyled to an iiyut shaft when * 
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installed in the vefaide^.and directly supplies rotaiy mechanical power to the vehicle's drive 
train. The intemal combustion engine oiripat is also arranged tn re ehnr^ fi ft^f> ^nftpn ^g , which 
are earned in a xemovable cassette under die vehicle. The batteiy cassette may be removed 
and the vducle opetated on power fiom the intemal combustion engine alone. 

(0007] U.S. Patent No. 4320,814 to ^fiddlehoven discloses a removable modular electro* 
hydrauUc power source for mining znachineiy. This invention puxpc»ts to provide the ability 
to rqpidly replace die electric motor prime mover, reduction gear set, and l^draulic ptanps, 
thus redudng vdiicle down thne for maintenance. The removed module is dim reforbished 
in a focility bettor suited to such wodcdian the mine. The power source for the disclosed 
system relies on extemalfy provided electrical energy, supplied to the power source via an 
umbilical from a source remote fiom the mining machinery. 

(00081 U.S. Patent No. 5,419,131 Doppstadt describes a di^laceably mounted power unit for 
use in a mobile waste processing machine. This power unit is cq>tured to the host machiiie 
on a hinged mount anapged to provide access to the machine's interior for maintenance and 
repair. 

[0009] Concepts for removable power siq)plies described above either do not permit a change 
over fiom one energy source to another, or require additional structure and mechanisms 
necessary for bofli eneigy sources. Removable power supplies which do not permit switching 
between electrochemical and fossil foel energy sources necessarily limit die vehicle 
applications as discussed above. Vehicles that require structure for both electrochemical and 
fossil fuel energy sources will necessarily be heavier, more cosfly and less reliable. Also, 
energy modiile designs that require special stmctural and mechanical interfoces with the 
vehicle necessarily mean that converting a host vehicle fiom one typ&of power source to foe 
other will require e9q>ensive, time-consuming and complex modifications. These 
shortcomings have added to the cost of converting vehicles to hybrid-power sources, thus 
contifouting to die limited commercial successes of iQimd-powaed vehicles and hybrid- 
power conversions of existing vehicles. 

[0010] Thus, there is aneed for apower siqiply module that will enable a vehicle to be 
selectively operated on either battery or fossil foel power without requiring additional 
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strncture and meohanisins^ or agnlficant modifications to the desigtL Thereisa&rtiierneed 
fijr a power s^fy modnle fliat tibat may be selectively operated on either battery or fossQ 
fuel power that may replace a battery power somce in machinery that was desi gned to b e 
powCTed by battery power only. There is also a need for a device that can r^idly efifect the 
conversion from battery power to fossil fuel power with mtnimwrn modifications of the host 
vehicle, 

SUMMARY OF THE INVENTION 

[Q01 1] This invention conqirises a hybrid-power supply module that is designed to fit within 
the battery compartment of an electrically powered machine, thus permitting tiie Tnnf>fii> P> to 
be converted to hybrid power simply by replacing the battery. 

[0012] This invention also includes a mefliod for converting an electrically powered TnarVw^ft 
to hybrid power by replacing ^battery with a hybrid pow^siqiply module. Inaprefezied 
embodiment, the method includes uncoupling the battery fi:om the mnnhmPi^ removing tiie 
battery firom a battery conqiartment of the madiine, placing ttie hybrid power sappfy module 
in the battery conqiaxtmen^ and coiq)ling it to the machine. 

fOOl 3] The hybrid power supply module system includes a housing that contains a battery, an 
electrical power generator, and power sapply control electronics. An operator display and 
interfece is included separate &om the housing and arranged to transmit operator commands 
to the hybrid power supply module and return operating information for display to the 
operator. The electrical power generator fiiel siqjply may be integral with or external to the 
housing. The electrical power generator may take the form of an internal combustion engirie- 
driven generator, a fiiel cell, or o&er g»erator. The hybrid power supply module electrical 
ou^ut is cormected to fhe host machinery or vehicle's electrical power ii^ut tfarou^ flie 
electrical connections used to coimecttiie battery to the vehicle. 

[0014] By bemg interchangeable with the battery in terms of form, fit, electrical toter&ce and 

electrical power characteristics, this invention provides a single and inexpensive means for 

converting existing battery powered mobile machinery, such as a foxklift, to hybrid power 

with a miniTnum of host vehicle modificatioxL This conversion will enable a battery powered 

electric forklift or other machine to operate on gaseous or liquid fi>ssil fuels where such fiiels 
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are pennissible, "^TiAiile retainiiig the ability to fimcdon on battety power alone in areas where 
acoustic^ tiienfyifti, and gaseous emissioDS are not desired. 

[poi5| By bdng intemhangraMe with a conventianal batteiy, this invention pennits tfie 
vehicle to be converted back to all batteiy power when fossil fiiel cipabilities are not useful, 
thus providing Ifae ahiKty to ineaqaensively increasg <hg marhm#> ^^mmcg. 

ID016] Another objective of Ibis invention is to provide a means by which a r"a^^^^ft such as 
a foridift can be rq>idly reconfigured between conventional batteiy only and combined 
batteiy and fuel cell or internal ccnnbustion engine power. 

[0017] Yet another objective of this patent is to provide a hybrid power supply module 
cbnsistmg of a fossQ fueled internal combustion engine powered generator or a fuel cell 
generator enable of supplying die average energy needs of an industrial machine, such as a 
fbric lift, mated with a batteiy .whidi, together with the generator, are capable of satisfying 
peak power requirements, along with die systems to modulate and control state and rate of 
charge, peak cunentfi, and over running load power regeneration, all packaged in a volume 
and weight equal to or less than that oftfae batteiy that it replaces. . 

lOOiq Another objective of this invention is to provide an energy module that can enable on- 
the*fly change over of power supply so that a foik lift or odier mobile machine can operate 
without pollution in a fieutoiy wherein wotkeis are employed and revert back to a warehouse 
using internal combustion provided power widiout stopping to make physical changes to the 
vehicle* 

[0019] Accordingly, the present invention provides solutions to the shortcomii^ of prior 
powersouices. Those ofordxnaiyskiU in the ait wiH readily appredate, however, dia^ 
and odierdetails» features and advmtages will become &rther apparent as the following 
detailed description of the preferred enibodiments proceeds. 

BRIEF DESCRIFnON OF THE DRAWINGS 

p)20] FIG. 1. is a cutaway perspective view of the first preferred embodiment of die 
invention showiiig conqx)nent5 and their general airapgemen^ 
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IP021] FIG. 2 is E schgnatic of the first prefeiied embodinent of flie inventioii showing tli^ 
intenelationsfaip and connectivity of m^or conqponents; 

IP022| FIG. 3. is a cutaway perspective view of &e second preferred embodimeni of the 
invention showing con^xments and their general arrangement 

10023] FIG. 4. is a schematic of tiie second preferred embodiment of &e invention showing 
the interrelationship and cormectivity of major components; 

10024] FIGS, is a perspective view of&e invention bdng vertically installed into a 
conveadonal foddifL 

DETAILED DESCTOmON OF THE INVENTION 

IP02q The drawings presented are for the purpose of illustrating present embodiments of the 
invention only and not fer die purpose of limiting the same. 

[0026] The first preferred embodiment of the invention is presented as FIG. 1 and includes 
the hybrid power siqjply module 15. The hybrid power supply module IS includes a housing 
2. Portions of the exterior surfaces of the housing 2 have been cut away in FIG. bto reveal 
interior details and exemplary arrangements of varioiis components. Enclosed within the 
housing 2 are a batt^ 1, a fuel cell electrical power generator 3, and control electronics 4. 
The fuel cell electrical power generator 3 and control electronics 4 are electrically coimected 
via cabling not shown. Tlie battery 1 and control electronics 4 are electrically coimected via 
cabling S, which may include a plug disconnect 9 in series. The hybrid power si^ly module 
IS is electrically connected to the host vehicle's power input via electrical cabling and a plug 
disconnect 7. An operator display and interface 10 is electrically linked to the control 
electronics 4, dirougli an umbilical 11 and plug discbrmect 12, or via a wireless cormection 
(notshown). The battery 1 noay be alead add type coxnmoidy used in ixiobiieixiadiiiiery of 
o&er any ottier type. . The battery 1 size, and voltage are determined by the electrical power 
requirements of the host vehicle. The fixel cell electrical power generator may be of the type 
disclosed by Kaufinan and Wertfa in United States Patents 5,292,600 and 5,629,102, or th^ ' 
may be any other typ e which produces electrical power. The control electronics 4 conditions 
and modulates the flow of electrical energy to die battery 1 and driven machine. 
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I0O27] TheI^iidpow»si^lyiiiDdulel51ioiisixig2m^^ 
metal, plastic, or anolher suitable material and may be sized to fit into the battery 
compailmexxt of an electric powered mobile trmfiimiPj such as a fork lift or o&er mobile 
equipment The housing 2 of FIG. 1, may also have a smooth exterior surfece and lack 
protrusions from the exterior sur&ce to sinqjlify installation into and removal fiom battery 
coicpartment The housing 2 is cqmpped wifli first lift point 13 and second lift point 14 to 
fecilitate handling by overhead hoist machinery. Ports for exterior air intake and exhaust 
discharge 8 may be provided and are depicted on flie side ofdie module in FIG. 1. The air 
intake and exhaust discharge ports 8 may alternately be located on any side, top, or bottom of 
the housing 2. 

IP028] The fiiel cell fiiel storage container is depicted as being integral witii the fiiel cdl 3 
and thus may be incorp orate d into ttie housing 2 as shown in FIG. 1, to form a single, self- 
contained hybrid power siqyply module 15 that can be lifted, transported, stored, i^gt^Hf^^ 
operated, and removed fit>m the host TTmnViiTi^ as a single unit Li another enibodiment, the 
fiiel storage tank not sihown is carried by the host vehicle external to the hybrid power supply 
module 1 5. The fiiel supply tank, not showii, will have a pipe connection, not shown, to 
convey fiiel to the fiiel cell 3, and may have a fill connection, not shown, to replaiish fiiel, 
and a means to sense and transmit fiiel level to the control electronics 4, not showiL 

[0029] The fiiel cell 3 may be a common type ttiat oxidizes hydrogen or other fiiel and 
produces an electrical curxent The fiiel cell 3 will be electrically connected to the control 
electronics 4. The control electronics 4 will monitor all &cets of ftie hybrid power simply 
module IS includrog fiie fiiel cell's 3 teoqierature and other operating parameters, fiiel siqiply 
level, electrical currents, and battery 1 voltage. 

[0030] The first preferred embodiment of the invention is presented schematically in FIG. 2. 
Referring now to FIG. 2, as shown in ttie sdiemadc, solid tines dqpict the flow of power 
whereas dashed lines depict the flow of infi>nnation. The battery 1, electronic controls 4, and 
host vehicle 31 power ixspat 7 are electrically coimected in parallel on a single bu^ 16. The 
control electronics 4 will condition fiie electrical euergy fiom the fiiel cell generator 3 and 
stq>ply current to the buss 16. The electronic controls 4 are arranged to continuously and 
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automatical^ modnlate flie dectrical cuirent to the buss 1 6 in consonance witii its measured 
elecfedcal potential to acconmiodate a lapidly vaiying d 

10031] The buss 16 potmdal cozresponds very closely wifli the battery 1 poteatitiaL Those 
practiced in the art know that a lead acid battery' s 1 state of charge can be d^ennined by, 
among otho* means, its electrical potential A high dectrical potential indicates a hi^er 
charge and conversely, a low electrical potential indicates a lower charge. 

[0032] The fork lift trade or other host vehicle 31 will have varying power demands* Power 
demanded by the host vdiicle 31 will draw electrical current fiom the buss 16. In the absence 
of a fuel cell, the battery 1 electricd potential, and therefore buss 16 potential, will dxx)p with 
increasing host vehicle 31 current Hfmsmrf 

[0033] For example, in an embodiment of the invention that may be used to power a 
conamercial forklift, the hybrid power sapply module 20 could consist of a 2.5 BCW or so fuel 
cell 3 and a 48 volt potential, 8 kilowatt-hour, or so, capacity lead add battery 1, and 
electronic controls 4 all contained within a steel housing 2. The battery 1 c^adty can also be 
expressed in anq)ere-hours. In tiiis case, a 48 volt, 8 kilowatt-hour battery will have a capadty 
of about 167 ampere-hours. This edacity is generally the value which the battery can supply 
at a constant rate over a six hour time period and is thus referred to as the "six hour rate" by 
those practiced in the art As stated before, the battery 1 , electronic controls 4, and host 
vehicle power iz^)ut 7 are electrically connected in pardld on a single buss 16. 

(Q034 The battery 1 potentid is gmmHiy equd to the product of tiie number of cells and the 
cell potentiaL A lead add battery will have a nomind open drcuit potentid of sli^tly over 
2.0 volts pa^ cell whea fully charged. The 48 volt battery 1 used m this illustrative ^cample 
has 48/2 or 24 cells. The battery 1 potentid drops as energy is removed, and is generally 
conddered disdiarged by those practiced in the art when the per cell open circuit potentid 
reaches 1 .75 volts or, when multiplied by twenty four cells, 42.0 volts for this illustrative 
exanQ>le. 

[0035] In addition, the battery 1 voltage will drop when supplying current to a connected 
electricd load. The reduction in voltage win be greater wi& increasing current drawn from 
&e battery 1 and may reach a vdue of 0.2 volts per cell or more. For the illustrative example, 
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this translates to 48 V- [0:2 v/(»ni[24 ceto^ 

- [0^ v/ceU][24 cells] or 37,2 volts ^Aenfiilly discharged. 

IP0361 A lead add battery is recharged by reversing the flow of electric cm 
flows from higher potential to a lower one, so fiir electrical cotrmt to flow mto the battery its 
potential must exceed that of the batt^ 1 . CSiaiging potentials fiir lead acid batteries are 
typically about 0.3 votts per cell, or so, above fiie battery' s 1 open drcoit potential ^ch will 
resutt in an electrical cacreiitrou^b^equivaleEit to IS percent ofthe ''six hour rate" ampere- 
hour rating. Greater potentials and currents are not desirable, since these may damage the 
battery 1 . Furtfaennore, as the battery 1 is charged Ae current must be reduced so the battery 1 
does not overheat 

[0037] Whenthebattery 1 isataIowdiarge,orcurrmtdrawsbytfaehostvdiicIe31 ishi^ 
as indicated by a low electrical buss 16 potential, the fuel cell 3 and electronic controls 4 will 
supply a hi^er current to the buss 1 6. When there is Uttle current drawn hy the host vehicle 
3 1 and the battery 1 is nearly Mty charged, as indicated by a hig^ electrical buss 1 6 potential, 
the fiiel cell 3 and electronic controls 4 will supply a smaller current to the buss 1 6. The fuel 
ceU 3 and electroidc controls 4 will reduce the current to the battery 1 to avery small value 
whGL it readies a value which corresponds to a fiilly charged battery 1 . In one preferred 
embodiment of the invention, the fuel cell 3 and electronic controls 4 are arranged to provide 
maximum current at buss potentials below about 1 .75 volts per cell, current in anrperes of 
{approximately 15 percept of the battery 1 "six hour rate" ampere-hour rating at buss 16 
potentials from 1.75 to 2.1 volts per cell, current of about 4 percent of the batt^ 1 *'six hour 
rate" anq^ere-hour rating at buss 16 potentials from 2.1 to 2.7 volts per cell, and current not 
exceeding 0.5 percent of the battery 1 six hour anq)ere-hour rating at buss 16 potentials above 
2.7 volts per celL When static or operating at low loads, the electrical current sillied to the 
buss 16 from the fuel cell 3 via electronic controls 4 serves to wflintgin the battery 1 in a state 
of high charge and to prevent damage from overcharging. This translates to the following for 
the aforementioned illustrative example: 
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Buss Potential, Volts 


Cmxent Siqiplied to Buss by 
Generator and Electronic Contiols, 
Ampetes 


Below 42 


70 


42 to 50.4 


25 


50.4 to 64.8 


7 


Above 64.9 


1 



IP038] The fuel cell 3 may not be capable of siqiplying the transieot peak eneigy demands of 
the fi)ildift 31 or other host vehicle. This will manifest itself ^en more electrical current is 
drawn Scorn the buss 1 6 than can be siq>plied by the fuel cell 3 via the electronic controls 4. In 
this instance, the excess power required is supplied by the batteiy 1. This occurs when the 
host vehicle's 31 electrical onrent demand exceeds the maximum value of electrical current 
available firom the fiiel cell 3 and electronic controls 4. In the case of diis illiistrative example, 
the current from the fuel cell 3 via the control electronics 4 which normally charges the 
battery 1 reverses to make up the difference. This reversal occurs automatically and passively. 
After the transient event has passed, and the host vehicle 3 1 electrical current demand drops 
to a value below Ibat whidi is supplied by the fuel cell 3 and electronic controls 4, the surplus 
current will once again be returned to the battery 1 forchar^g. 

P)039] Also in the embodiment illustrated in FIG. 2, an operator display and inter&ce 10 is 
linked to the electronic controls 4, for exaiqple, hy wiring thrmigh an imiKi'liCftl 1 T and plug 
12, orvia a wireless connection (not shown). In the embodiment in which the operator 
display and inter&ce 10 is wired to the electronic controls 4, the operator display and 
inter£ice 10. win receive electrical power fiom the battery 1 and / or file] cell 3 via the 
electronic controls 4. In the embodim^ in which the operator display and interface 10 uses a 
wireless coimection not shown between the electronic controls 4 and operator display and 
interface 10, electrical power to operate die display 10 may be sillied by a commercially 
available di^sable or rechargeable battery (not shown) mounted witinn the operator display 
and inter&ce 10. hi operation, fhe operator display and interface 10 continuously informs the 
human operator of die state of battery 1 charge, fuel cell 3 status, and other sensed 
parameters, and advises when the fiiel cell 3 should be operated. The operator display and 
inter&ce 10 inay incorporate a screen, gauges, Ughteuutting diodes or odierqqpai^ 

10 



wo 01/79012 



PCTAJSO 1/12148 



diown) for ccmveyiiig the measuied parameter fa one enibodimeiit, a switch (not shown) is 
provided on tiie operator display and inter£3^ 10 fertihe operator to select manual or 
automatic fiiel cell 3 operation. Pushbuttons (not shown) are provided on the operator display 
andinter&ce 10 for starting arid securing the fuel cell 3 when in tiie manual mode. 

[0040] The hybrid power supply nu>dule IS mqr have two modes of operation: manual and 
automatic^ In the manual mode^ the authority to operate the fuel cdl 3 resides with ^ 
operator. The operator may^fisrexan^Ie, start tiie&elceU 3 to replenish fhe battery 
by depressing the start button (not shown) on the operator display and interface 10. The fuel 
cell 3 will then start and siqiply electrical cuzrent to the buss 16 via controls 4 without &rflier 
action by the operator. Depressi n g tiie stop button (not shown) will secure the fiiel cell 3 . The 
electronic controlis 4 may also function to shut-o£f tiie fiiel cell 3 automatically if the battey 1 
becomes 100% charged to prevent damage to ttie battery 1 fiom overcharging. The manual 
mode is generally selected to prevent operation of the fuel cell 3 when operating in areas 
where waste heat, moisture, and fiimes are problematic. The automatic mode is generally 
used when functioning in areas where tiie waste heat, moisture, and fumes Scorn the fiiel cell 3 
are acceptable. In all cases, the electronic controls 4 will inform the operator of the state of 
charge of the battery 1 and advise when the fuel cell 3 should be operated to replenish tiie 
battery 1 when discharged, la the automatic mode, the electronic controls 4 will automatically 
start, operate, and secure the fuel cell 3 in accordance with predetemiined values of sensed 
parameters including battery charge level and host vehicle energy consumption rate. 

(0O41] Whether in manual or automatic mode, the fimction of the fiid cell 3 is overseen by 
the electronic controls 4 which starts, ciperates, monitors, and secures the fuel cell 3 without 
fiirdier action by tiie operator. The electronic controls 4 monitor the fiiel cell 3 performance 
parameters such as temperature, fuel level, and electrical status, and convey visual and 
audible alerts, cautions, and warnings to tiie operator via the oprntor inter£EiC6 and display 10 
when values outside a prescribed range are sensed. The fiiel ceD 3 maybe ananged to 
automatically reduce output or secure if a critical sensed parameter such as tenq)erature 
reaches a predetermined tiureshold. In that event, the operator will also be notified via visual 
and audible alerts of tiie termination along with the condition tiiat caused the shut-down. 
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IP04^ The second prefened embodiment of the invention is presented in FIG. 3 and includes 
die hybrid power supply module 20; Hie hybrid power supply module 20 includes an housing 
25. Porticmsoftlieocteriorsmfiices of die housing 25 h^ 

interior details and exenq>laiy arrangements of various conq>onents. Enclosed within the 
housing 25 are abattery 26, an internal combustion engine 21 drivingly connected to an 
generator 22, a fuel storage tank 23, and control electronics 24. The electrical power 
generator 22 and control electronics 24 are electrically connected via cabling, not shown. The 
battery 26 and control electronics 24 are also electrically connected via cabling, not shown. 
The hybrid power siq)ply module 20 depicted in FIG. 3 is electrically connected to the host 
vehicle's power ii^ut via electrical cabling and a plug disconnect 27. An operator display and 
inter&ce 2& is electrically linked to the control electronics 24, trough an umbilical 29 and 
plug disconnect 3 0, or via a wireless connection^ not shown. 

10043] The hybrid power siqyply module housing 25 may be fitoicated from, for example, 
metal, plastic, or anodier suitable material and may be sized to fit into flie battery 
ccmqiartment of an electric powered mobile machine such as a fork lift or ofhex mobile piece 
of equipment. By way of example, a hybrid power si:Q>ply module housing suitable for 
industrial madiineiy may have external dimensions on the order of 15 to 24 inches in width, 
30 to 50 inches in length, and 18 to 30 inches in height In a preferred embodiment, of a 
hybrid power si^ly module housing for a fork lift, tiie housing external width, length, and 
height are approxiinately 21, 38, and 24 inches respectively. The housing.25 of FIG. 3, may 
also have a smooth exterior surface and lack protrusions fiom the exterior sur&ce to simplify 
installation and removal into said battery co inpaitm ent The housing is equipped with a first 

lift points 18 and a second lift point 1 Q tn facilitate VianHling hy nverheaH >inigt mar.hiTi ery Tjnt 

shown. Ports for exterior air intake and exhaust discharge 32 are depicted on the bottom of 
the hybrid power supply module 20 in FIG. 3. The scterior air intake and exhaust dischaxge 
ports 32 may alternately be located on any side or top of the housing 25. 

[0044] The internal combustion engine 21 may consume fossil fuel such as, for example, 

gasoline, diesel, propane gas, natural gas, or other fuel such as alcohol and may be of 

reciprocating 0.e., piston driven) or rotary engine design. The internal combustion engine 21 

may also be a spade ignition type engine, such as a gasoline recq>rocatmg or rotary engine 

that uses spaik plugs to ignite the fiiel, or a con^iression ignition type engine, such as a diesel 
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engme. For example, a suitable intmial combustion en^ 

which produces 4 Kilowatts of electrical powor using diesel fuel and is contained within an 
envelope of 21 inch hig^ 21 inches, long, and 15 inches wide including starting, cooling, 
mu fflin g^ and engine control systems. The internal combustion engine 21 will be fitted with 
ancillary starting, intake air filtration, cooling, lubricating, mufEIing, and speed governing 
systems well known to &ose practiced in tiie art and not shown in any FIG. All such andllaiy 
equipment and systems are contained within the housing 25. The internal combustion engine 
2 1 will be fitted with sensors not shown which provide an electrical signal which can be 
correlated to the engine 21 t cmpeiatu re and lubricating oil pressure. These sensed parameters 
will b e transmitted to the electrical controls 24 via electrical cabling not shown. 

[004^ The fiiel storage tank 23 may be incQiporatedmto file housiog 25 as depicted in 
FIG. 3, to form a single, self-contained hybrid power supply module 20 that can be lifted, 
transported, stored, instaUed, operated, and removed fromfhe host inachine as a single xmiL 
In another embodiment, the fuel storage tank 23 is carried by tiie host vehicle external to the 
hybrid power supply module 20. The fiiel siq)ply tank will have a pipe connection not shown 
to convey fiiel to the internal combustion engme 21, a fill connection not shown to replenish 
fiiel, and a means to sense and transmit fiiel level to the control electronics 24, also not 
shown. 

[0046] Thegenerator22may be a common type tiiat converts mechanical energy, in the form 
ol^ for e3canq>le, a rotating shafi of the internal combustion engine 21, to electrical energy. 
The g&icxator 22 will be electrically coimected to the control electronics 24. The control 
electronics will monitor all ficets of tiie hybrid power si^ly module 20 including the 
internal combustion engine's 21 speed, tenq>eniture, and lubricating oil pressure, fiiel tank 23 
level, electrical cuErents, and battery 26 voltage / state of charge. 

[0047] The second preferred embodiment of the invention is presented schematically in FIG. 
4. As shown in the schematic, solid lines depict the flow of power whereas dashed lines 
depict the flow of infinmation such as commands and sensed parameter feedback. Referring 
now to FIG. 4, the battery 26 , electronic controls 24, and host vehicle 3 1 power inpyji 27 are 
electrical^ connected in parallel cm a single buss 17. The control electronics 24 will rectify 
and condition tile electrical energy fitxm die generator 22 arid siq^lycuzr^ 17. 

13 
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The eiectranic controls 24 axe ananged to contiiiuoiisly and automaticany modulate Ibe 
electrical cuzreDt to file boss 17 in cozisoiuince with its measured electrical potmtial to 
automatically accommodate a rspidly varying power demand.. 

[0048] The buss 17 potential corresponds very dosefy with the batteiy 26 potentiaL Those 
practiced in fte art know that a lead add battery's 26 state of charge can be detemiined by, 
among othermeansy its electrical potentiaL AUgh electrical potratial indicates ahigher 
charge and conversely, a low electrical potential indicates a lower diaxge. 

[P04q The fork lift truck or other host veMcle 31 wiU have varying energy 
Demand fiom tbe host vehicle 31 will draw electrical current fiom the buss 17. la the absence 
of a generator, the battery 26 electrical potential, and therefore buss 17 potential, wiU drop 
with increasing host vehicle 31 current demand.' 

[0050] For example, in an embodiment of the invention that may be used to power a 
commercial forklift, the hybrid power supply module 20 could consist of a 5 horse power 
intCTial combustion engine 21 coi:^led to a 2^ KW electrical generator 22 and a 48 volt 
potential, 8 kilowatt-hour cq)acity lead acid battery 26, and electronic controls 24 within a 
steel housing 25. The engine may be coiq>led to the generator by a direct or flexible shaft, 
gear box, too&ed belt, v-belt or other suitable mechanism for transferring rotary power. The 
battery 26 c^adty can also be pressed in an^ere-hours of energy. Generally, this rating is 
at a rate which would deplete ei^ity percent of the battery energy over a six hour period. In 
this case, a 48 volt, 8 kilowatt-hour batteiy will have a cqsadty of about 167 ampere-hours. 
This battery is then similar to that used in the first preferred embodiment of the invention 
described above and as such will have an open circuit potential of 48 volts when fully 
diazged and ^^proximately 42 volts when eigihty percent discharged. The batteiy potezitial 
when sullying electrical energy will similarly be reduced to a value of sqiproximately 43.2 
volts when fully charged and 37 volts when ei^ty percent discharged as described in the 
first preened embodiment The diaracteristicsofthe electrical potential required to recharge 
the battery 26 will also be similar to that described for the first embodiment of the invendoiL 

[005t] When the battery 26 is at a low charge, or current drawn by the host vehicle 3 1 is 
hi^ as indicated by a low electrical buss 17 potential, flie generator 22 and electronic 
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CQzitrols 24 will sfspply a hi^ier caxrent to tte buss 17. When there is litOe current drawn by 
the host vdude 31 and fhe batteiy 26 is nearly fully chaiged, as indicated by a high electrical 
buss 17 potential, the generator 22 and electronic controls 24 will si^ly a smaller current to 
the buss 17, The generator 22 and electronic controls 24 will reduce tiie current to flie battery 
26to aveiy smaU value when it reaches a value wUch corresponds to a fiiUy charged battery 
26. In one preferred embodiment of the invention* &e generator 22 and electronic controls 24 
are arranged to provide mnTrimnm current at buss potentials below about 1.7S volts per cell, 
current in amperes of approximately IS percent of &e battery 26 six hour a mp ere-hour rating 
at buss 17 potentials fiom 1.75 to 2.1 volts per cell, current of about 4 percent of the battery 
26 six hour ampere-hour rating at buss 17 potentials fiom 2.1 to 2.7 volts per cell, and current 
not exceeding 0.5 percent of the battery 26 six hour ampere-hour rating at buss 17 potentials 
above 2.7 volts par celL When static or operating at low loads, the electrical current supplied 
to the buss 17 fiom the generator 22 and dectronic controls 24 serves to Tpftiptaiff the battery 
26 in a state of high cha^ and to prevent damage fiom overchaiging. This translates to the 
following for the illustrative example: 



Buss Potential, Volts 


Cunent Siqfplied to Buss by 
Goierator and Electronic Controls, 
Amperes 


Below 42 


70 


42 to 50.4 


25 


50.4 to 64.8 


7 


Above 64.9 


1 



[0052] The electrical power generator 22 may not be capable of siq^plying the transient peak 
energy demands of the forkliit 3 1 or ofber host vehicle. This will manifest itself when more 
electrical current is drawn fiom tiie buss 17 than can be siqjplied by the generator 22 via the 
electronic controls 24. In this instance, the excess power required is siqjplied by the battery 
26. This occurs when the host vehicle's 31 electrical current demand exceeds ttie TnaYin^n tri 
value of electrical current available from the generator 22 and electronic controls 24. In this 
case, the current fiom fiie generator 22 via the control electronics 24 which normally chaiges 
the battery 26 reverses to make xsp the diffoence. This reversal occurs automatically and 
passively. After tiie transient event has passed, and the host vehicle 31 electrical current 
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demand drops to a value below that siq^plied by ttie generator 22 and electronic controls 24, 
the surplus current will once again be returned to the battery 26 for charging. 

p)053] Also in the second pre fe a'ed embodiment ilhisteated in PIG- 4, an operator display and 
internee is linked to the electrraic controls 24, fiir exanqile, by wiring finougih an umbilical 
29 and plug 30, or via a wireless connection not shown, intiieembodixnentinwhichthe 
operator display and interfibce 28 is wired to ttie electronic controls 24, the operator displ^ 
and inter&ce 28 will receive electrical power fiom the battery 26 via tbe electronic controls 
24. In the embodiment in ^^ch the operator display and inter&ce 28 uses a wireless 
coxmection between the electronic controls 24 and operator di^lay and inter&ce 28, electrical 
power to operate the display 28 may be sillied by a commercially available disposable or 
rechargeablebattery not shown mounted witlun die operator diq)lay and inter&^ In 
Operation, the operator display and inter&oe 28 continuously infoims the human operator of 
the state of battery charge, electrical generator fuel tank level, and other sensed parameters, 
and advises when the generator 22 should be operated. The operator display and inter&ce 28 
may incorporate a screen, gauges, light emitting diodes or odier apparatuses not shown for 
conveying the measured parameters. In one embodiment, a switch not shown is provided at 
the operator display and inter£ace 28 for the operator to select manual or automatic generator 
22 operation. Push buttons not shown are provided for starting and stopping the generator 22 
when in the Trmwufli mode. 

[0054] The hybrid power supply module 20 may have two modes of operadoii: manual and 
automatic, h the maniialn:iode, the authority to operate the gene^ . 
operator. The operator nmy, for example, start the generator 22 to replenish ^battery 26 
charge by dq)ressiiig the start button on ttie operator display and intei&ce 28. The power 
generator 22 will then start and suj^ly electrical current to the buss 1 7 wi&out forther action 
by the operator. Depressing the stop button not shown will shut-off the generator 22. The 
electronic controls 24 may also function to shut-off the power generator 22 automatically if 
the battery 26 becomes 100% charged to prevent damage to the battery 26 fiom overcharging. 
In the automatic mode, the electronic controls 24 will automatically start and shutK>fif the 
generator 22 in accordance with predetermined values of sensed parameters including battery 
charge level and rate of energy consunq>tion. 
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[Gosq The manual mode is geneiany selected to prevent operadon of the power hxtemal 
combustion engme 2 1 when fimctioning in areas where noise, heat, and fiimes are 
problematic. The antomatic mode is general^ used when fimctionmg in areas ^ 
noise, heat, and iinnes firom fhe intemal combustion engine 21 are acceptable. In all cases, 
the operator display and interfece 28 will infomi the operator of tiie state of charge of the 
battery 26 and advise when tiie generator 22 should be operated. 

loosq Whether under manual or automatic control, flie function of the generator is overseen 
by the electronic controls 24 which starts, operates, and monitors, and secures tire generator 
without action by the operator beyond pressing the appropriate button. 

[0057] The electronic controls 24 monitor the mtemal combustion engine 22 performance 
parameters such as temperature, oil pi e ssuie, fuel level, and electrical status, and conveys 
visual and audible warnings to the cq>erator via the operator interfi^ . 
values outside a prescribed range are sensed. The intemal combustion eng^ 21 and 
electrical generator 22 are shut down and secured automatically if a critical sensed parameter 
such as oil pressure or tenq>erature reaches a predetemiinedthie^old. In that even^ the 
operator will also be notified via visual and audible al^ of tiie termination along with the 
condition that caused die shut-down. 

[0058] Referring now to FIG. 5, tiie hybrid power supply module 20 is shown being lowered 
into an electric fork lift 33 battery conqiartment 34 wherein an access cover 35 of tiie foridifi 
33 is opened to receive the hybrid power siq>ply module 20. While tiie second prefeired 
embodiment of the hybrid power supply module 20 has been used to illustrate the act of 
installing it in tiie place of flie regular electric fork lift 33 battery not shown. The installation 
of the first embodiment of the hybrid power supply module will be similar. The hybrid 
power supply module 20 may be placed in the forklifi 33 by some means of an ovediead 
lifting device not showxL It is also shown tiiat tiie invention mq^ be equipped witii lifting 
fixtures 3 6 and associated hardware to facilitate handling by an ovediead lifting device not 
shown. The forklift 33 illustrated includes an electrically powered drive train consisting of 
omni directional whe'ds 37 tiiat are rotatably attached to the fiark lifi 33 chassis. A lifting 
mechanism 38 is also operabfy afiBxed to the fork lift 33 which may, for exan^le, include 
lifting, tilting and grippmg mechanisms to facilitate material handling by the fork lifi 3 3 . As 
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evidenced by fhe fisx^ing descr^ition, one aspect of this invention is the design of a 
removable hybrid power simply module 20 for machineiy sudi as, bnt not limited to, a 
fbiidift33. 

IP059| In another embodiment, an external combustion engine may be coxy led to an electric 
generator and enclosed wiQiin a housing with an electrical storage device such as abatteiy. 
In such an embodiment, an external heat trans&r device, sudi as a boiler or burner, adds 
eneigy to the woxking fluid, such as water or air, which is then expanded within fiie engme to 
drive a pistcm or tuzbin^Tshidi turns a drive shaft The drive shaft of the external 
combustion engme is coupled, such as tfaiou^ a gear box, atoothed belt or a v-belt, to an 
electric generator which produces electricity used to operate the veliicle and to chaise the 
battery. A suitable external combustion engine would be a gas turbine. 

[0060] In yet another embodiment, an external source of highisressure s^^^ such as 
compressed air, is used as the woridng fluid that drives apiston or tmbme engine which is 
coiq)led to an electrical storage device. In such an embodiment, conqiressed gas is fed fiom 
an external conqiressor or gas storage tank to the engme via a high pressu^ TheMgh 
pressure gas is expanded withm the engine to drive a piston or turbine, which turns a drive 
shaft. The drive shaft of the conqnressed-gas engine is coiq>ledto an electric gmerator whidi 
produces electridty^ used to operate the vehicle and to charge &e battery. Suchan 
embodiment would be usefiil in applications where envirozunental considerations preclude 
using a combustion engine, c^eratibnal requirements exceed the stored energy capacity of 
batteries and it is possible to coimect ibs vehicle to a high pressure air siqiply via an air hose. 

[0061] While various embodiments of the present invention have been described above and 
in the drawings, it should be undorstood ihat they have been presented only as exanq)les, and 
not as limitations. Thus, the breadth and scope of the present invention should not be limited 
by any of the above-described exemplary embodiments, but should be defined only in 
accordance with the following claims and their equivalents. 
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What is claimed is: 

1. A removable power souice^CQziqnising: 
a housing ; 

a battery disposed wifhin said housmg; 

aa electrical power generator disposed wifhin said housing; and 

a power control module disposed within said housing and coupled to said batt^ and 

said electrical power generator and arranged to siqiply power to a machine from either said 

battery or said generator. 

2. The power source of claim 1, wherein said electrical power generator further 
compnsGs: 

an internal combustion engine; and 

an electrical generator coupled to said internal combustion engine. 

3. The power source of claim 1, wherein said electrical power generator further 
conq>rises a fiiel celL 

4. The power source of claim 1* wherein said housing is sized to fit in a con^artment for 
holding a battery of said machine. 

5. The power source of claim 4» wherein said housing is removable &om the 
conq^artment for holding a battery. 

6. Thepowersouxceof claim 2, wherein said intenial combustion engine is a qiaxk 
igniticm engine. 

7. The power source of claim 2»wherdn said iiitenial combustion engi^ 
conq^ression ignition engine. 

8. The power source of claim 2, wherein said intemal conabustion engine is a rotary 
enginei 
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9. The power source of clami 2> ^itorem said inlemal combustion engfne ig 
fBEipuienffng cDgiiie. 

1 OA method of repladog a battery m an electric powered machine with a r^dly 
renewable power source, comprising: 

imcoiq>Img tile battery fiom tile machine; 

removiog tiie battery fiom tiie battery conqiartment of the machine; 
placing a rqridly renewable power sonrce in tiie battery conpartmen^ and 
coupling tiie r:q>idly mewable power source to tiie madiine. 

11. A metiiod fixr converting a battery-powered machine to a hybrid powered 
machine conxprising the steps: 

uncotq>ling tiie battery fiom tile niachin^ 
removing tiie battery fiom the inachine; 

pladng a hybrid power source in tiie battery compartment of the Tnanhfnft ' and 
coiq)ling the l^brid power source to the machine. 

12. A vehicle, comprising: 
a chassis; 

a wheel rotatably attached to said chassis ; 
an electric motor coupled to said chassis and to said wheel; and 
a power source electrically coupled to said electric motor, said power source 
conq)rising; 

ahousing, 

a battery disposed within said housing, 

a power control rnodide disposed witiiin said housing and coiqiled to said battery, 
and 

an electrical power generator diqiosed within said housing and coupled to said 
power control module. 

13. The vehicle disclosed in claim 12 wherein said vehicle is a forklift further 
conqirising 

a lifting mechanism coiq>led to said chassis. 
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14. The vebide disclosed in claim 12 wherein said vducle is a wcxEkplatfomfi^ 
conqiiising a scissor type liftmg mechamsni coupled to said rhasuai^ ^ 

15. The vehicle of clainx 12, wherein said housing is removaihle as a imit 

16. The power souroe of claim 1, wherein said electrical power generator fiirther 
comprises: 

an external combustion engine; and 

an electrical genoator coiq>led to said esctemal combustion engine. 

17. The power source of claim 16, wherein said external coanbustion engine is a gas 
turbine. 
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TITLE OF THE INVENTION: 

HYBRID POWER SUPPLY MODULE WITH INTERNAL COMBUSTION ENGINE OR FUEL CELL 

CROSS-REFERENCE TO RELATED APPLICATIONS: U.S. AppUcation number 
09/056,109, filed 04/06/98. This application claims the benefit of priority fiom U.S. 
Provisional Application No. 60/197,391 filed April 14, 2000, which is hereby incozpotated by 
reference. 

STATEMENT OF GOVERNMENT INTEREST: Not ^Ucable. 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to power siq)plies and, more particularly, to a 
hybrid removable power supply module for a machine such as a forkiiit, a car, a truck or any 
motorized vehicle or olher machines requiring a power soim:e. 

[0002] Powered machinery, and particularly mobile machinery such as motorized vehicles, 
fork lifts, cars, trucks and vehicles using a regenerableable source of energy are genially 
designed to operate on either battery (e.g. rechargeable batteries) or fossil fuel power sources 
(e.g. internal combustion engine, turbine engine or fiiel cell). While battery and fossil fuel 
powered mobile machineiy may have quite similar chassis, suspension, lift equipment and 
hydraulics, the drive portions of the machinery are generally designed specifically for either a 
battery or fossil fiiel power siqiply. The nature of the drive system design makes electric and 
fossil fiiel machinery fundamentally different and not interchangeable. For example, a 
forklift design optimized for battery pow^ xnig^t include a chassis having an electric motor 
that powers drive wheels, and an additional electric motor that drives a hydraulic actuation 
system to power on board auxiliary systems sudi as lifting, tilting and gripping mechanisms. 
Whereas, a forklift design optimized for fossil fiiel power might incorporate an internal 
combustion eapne ttiat siqjplies rotary mechanical power to a single hydraulic system &om 
which pressurized fluid is nietered through operator controlled valves to hydraulic cylinders 
and motors which actuate lifting, tilting and gripping mechanisms and also drive the wheels. 
This optimization of vehicle system designs around ttie power source makes converting 
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motorized vehicles or machinery fiom one power source to another very difficult and 
expensive. 

[0003] Each power source option has unique advantages and disadvantages. For example, 
battery powered systems generally have low gaseous and thermal emissions but are 
disadvantageously heavy, have limited operating range and require an eTctended period of 
downtime to recharge. Fossil fuel powered systems generally have high power density and 
less weight than battery powered systems, but disadvantageously generate gaseous, thermal, 
and auditory emissions. Consequently, battery powered machinery is typically used only in 
environmentally protected or un-vented areas, whereas fossil fuel machinery is used in well- 
ventilated or exterior areas. As a result,, machinery users with fiicilities comprising both 
enviromnentally protected and exterior operating areas, such as forklift operators in 
warehouses with outside loading docks, must invest in both battery powered and fossil fuel 
powered machinery. Thus, there is a need for machinery that can be powered by either 
battery or fossil fuel power sources, i.e. a hybrid-power source. Furthermore, since a large 
installed base of self-powered machinery and vehicles exist, there is a need for an inexpensive 
and efficimt means of converting machinery to hybrid-power capability. 

[0004] A number of concepts have been disclosed for hybrid-powered vehicles, either 
incorporating both power sources in the vehicle or permitting the replacement of one power 
source with the other. Also, many designs have been disclosed for removable power sources. 

(oooq U.S. Patent No. 3,983,952 by McKee discloses an electric vehicle with a removable 
energy supply module. McKee's removable energy supply module is comprised of a rack of 
batteries, with rollers arranged under the batteries to facilitate replacement of the battery 
module with another similar battery module, thus enabling operating with one battery module 
while anotiier is recharged* 

[0006] U.S. Patfflt No. 5,25 1,721 to Ortenheim discloses a battery and internal combustion 
engine (ICE) hybrid powered automobile. A removable internal combustion engine module 
is inserted when traveling long distances where the generation of exhaust fumes is acceptable. 
This vehicle is otherwise powered by an electric motor, which is pennanentiy installed. The 
removable internal combustion engine pow^ module is coupled to an input shaft when 
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izistalled in the vehicle, and directly supplies lotaiy mechanical power to Hhc vehicle's drive 
train* The internal combustion engine output is also airanged to recharge the batteries, which 
are earned in a ronovable cassette under the vehicle. The battery cassette may be removed 
and the vehicle opoated on powm* fiom die intemal combustion engine alone. 

[0007] U.S. Patent No. 4^20»814 to Middlehoven discloses a lemovable modular electio- 
hydraulic power source for mining machineiy. This invention pmports to provide the ability 
to rq>idly replace the electric motor prime mover, reduction gear set, and hydraulic pumps, 
thus reducing vehicle down time Sar maintenance. The removed module is dien refuibished 
in a facility better suited to such woric than the mine. The power source for the disclosed 
system relies on externally provided electrical energy, siQ)plied to the power source via an 
umbilical from a source remote fiom die mining machineiy. 

[0008] U.S. Patent No. 5,419,131 Doppstadt describes a displaceably mounted power unit for 
use in a mobile waste processing machine. This power unit is captured to the host macHtif* 
on a hinged mount arranged to provide access to the machine's interior for maintenance and 
repair. 

I0009J Concepts for removable power supplies described above either do not permit a change 
over from one energy source to another, or require additional structxure and mechanisms 
necessary for both energy sources. Removable power supplies which do not permit switching 
between electrochemical and fossil fiiel energy sources necessarily limit the vehicle 
applications as discussed above. Vehicles that require structure for both electrochemical and 
fossil fiiel energy sources will necessarily be heavier, more costly and less reliable. Also, 
energy module designs that require special structural and mechanical interfaces with the 
vehicle necessarily mean that converting a host vehicle from one type of power source to the 
other will require expensive, time-consuming and con^lex modifications. These 
shortcomings have added to the cost of converting vehicles to hybrid-power sources, thus 
contributing to die limited commercial successes of hybrid-powered vehicles and hybrid- 
power conversions of existing vehicles. 

[0010] Thus, there is a need for a power supply module that will enable a vehicle to be 
selectively operated on either battery or fossil fiiel power without requiring additional 
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structure and mechanisms, or siguificant mo<£fications to the design. There is a further need 
for a power siqsply module that that may be selectively operated on either battery or fossil 
fuel power that may replace a battery power source in machinery that was designed to be 
powered by battery power only. There is also a need for a device that can rspidly efifect the 
conversion from batteiy power to fossil fuel power with mmimiiTTi modifications of the host 
vehicle. 

SUMMARY OF THE INVENTION 

[001 1] This invention comprises a hybrid-power si^)ply module that is designed to fit within 
die battery compartment of an electrically powered machine, thus pfflnitting the triaeliiTift to 
be converted to hybrid power simply by rqplacing the battery. 

[001 2] This invention also includes a method for converting an electrically powered machine 
to hybrid power by rq>lacing tihie batteiy with a hybrid power supply module. In a preferred 
embodiment, the mediod includes uncoupling the battery fiom the machine, removing flie 
battery fiom a battery compartment of the machine, placing the hybrid power supply module 
in the battery compartment, and coupling it to the machine. 

[0013] The hybrid power supply module system includes a housing that contains a battery, an 
electrical power generator, and power supply control electronics. An operator display and 
interface is included separate from the housing land arranged to transmit operator commands 
to the hybrid power supply module and return operating information for display to the 
operator. The electrical power generator fiiel supply may be integral with or external to the 
housing. The electrical power generator may take the form of an internal combustion engine- 
driven generator, a fuel cell, or other generator. The hybrid power supply module electrical 
output is coimected to the host machinery or vehicle's electrical power input through the 
electrical connections used to connect the battery to the vehicle. 

[0014] By being interchangeable widi the battery in terms of form, fit, electrical interface and 

electrical power characteristics, this invention provides a simple and inexpensive means for 

converting existing battwy powered mobile machinery, such as a forklifl, to hybrid power 

with a minimum of host vehicle modificatiorL This conversion will enable a battery powered 

electric forklift or other machine to operate on gaseous or liquid fossil fuels where such fuels 

4 



WO01A)79012 PCT/USOl/12148 

are pennissible, while retaining ihe ability to function on batt^ power alone in areas where 
acoustic, thermal, and gaseous emissions are not desired. 

[0015] By being interchangeable with a conventional battery, this invention pennits the 
vehicle to be converted back to all battery power when fossil fuel cspabilities are not useful, 
thus providing the ability to inexpensively increase the machine endurance. 

[0016] Another objective of ttiis invention is to provide a means by which a machine such as 
a foiklift can be rapidly reconfigured between conventional battery only and combined 
battery and fuel cell or intemal combustion engine power. 

[0017] Yet another objective of this patent is to provide a hybrid power supply module 
consisting of a fossil fueled internal combustion engine powered generator or a fuel cell 
generator capable of supplying the avmge energy needs of an industrial machine, such as a 
fork lifi, mated with a battery which, together widi the generator, are capable of satisfying 
peak power requirements, along with the systems to modulate and control state and rate of 
charge, peak currents, and aver running load power regeneration, all packaged in a volume 
and weight equal to or less than that of the battery that it replaces. 

[0018] Another objective of diis invention is to provide an energy module that can enable on- 
the-fly change over of power supply so that a fork lift or other mobile machine can operate 
without pollution in a factory wherein workers are en^loyed and revert back to a warehouse 
using intemal combustion provided power without stopping to make physical changes to the 
vehicle. 

[0019] Accordingly, the present invention provides solutions to the shortcomings of prior 
power sources. Those of ordinary skill in the art will readily appreciate, however, that those 
and other details, features and advantages will become further apparent as the following 
detailed description of the preferred embodiments proceeds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 . is a cut awav perspective view of the first preferred embodiment of the 
invention showing components and their general arrangement; 
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t0021l FIG. 2 is a schematic of the first preferred embodiment of the invention showing the 
intOTelationship and connectivity of major components; 

[00221 no. 3 . is a cutawav pmpective view of the second preferred embodiment of the 
invention showing con^onmts and tiieir general arrangement; 

[0023] FIG. 4. is a schematic of the second preferred embodiment of the mvention showing 
the interrelationship and connectivity of mq'or components; 

[0024] FIG 5. is a perspective view of the invention being vertically installed into a 
conventional fbiklifl. 

DETAII^ DESC3UPTION OF TOE INVENTION 

[0025] The drawings presented are for the purpose of illustrating presmt embodiments of the 
invention only and not for the purpose of limiting the same. 

[0026] The first preferred embodiment of Ae invention is presented as FIG. 1 and includes 
the hybrid power supply module 15. The hybrid power supply module 15 includes a housing 
2. Portions of the exterior sinfaces of the housing 2 have been cut away in FIG. hto reveal 
interior details and exemplary arrangements of various coirq>onents. Enclosed within the 
bousing 2 are a battery 1, a fiiel cell electrical power generator 3» and control electronics 4. 
The fuel cell electrical power generator 3 and control electronics 4 are electrically coimected 
via cabling not shown. The battery 1 and control electronics 4 are electrically coimected via 
cabling 5, which may include a plug disconnect 9 in series. The hybrid pow^ siq>ply module 
15 is electrically connected to the host vdiicle's power input via electrical cabling and a plug 
discoimect 7. An operator display and hiter&ce 10 is electrically linked to the control 
electronics 4, through an umbilical 1 1 and plug discbrmect 12» or via a wireless coimection 
(not shown). The battery 1 may be alead acid type commonly used in mobile machinery of 
o&er any other type. . The battery 1 size, and voltage are determined by the electrical power 
requirements of the host vehicle. The fiiel cell electrical power gmerator may be of the type 
disclosed by Kaufinan and WerOi in United States Patents 5^92,600 and 5,629,102, or they 
may be any other type which produces electrical power. The control electrcmics 4 conditions 
and modulates tfie flow of electrical energy to the battery 1 and dnvax machine. 
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[0027] The hybrid power sapply module IS housing 2 may be fibricated from, for example, 
metal, plastic, or anodier suitable material and may be sized to fit into the battery 
compartment of an electric powered mobile machine such as a foik lift or other mobile 
equipment The housing 2 of FIG. 1, may also have a smooth exterior surfece and lack 
protrusions from the exterior sur&ce to simplify installation into and removal from battery 
compartmait The housing 2 is equipped with first hit point 13 and second lift point 14 to 
fecilitate handling by overhead hoist machinery. Ports for exterior air intake and exhaust 
discharge 8 may be provided and are depicted on the side of the module in FIG. 1 . The air 
intake and exhaust discharge ports 8 may alternately be located on any side, top, or bottom of 
the housing 2. 

[0028] The fiiel cell iiiel storage container is dq>icted as being integral with fhe iuel cell 3 
and thus may be incorporated into fhe housing 2 as shown in FIG. 1, to form a single, self- 
contained hybrid power supply module 15 that can be lifted, transported, stored, installed, 
operated, and removed &om the host machine as a single imit In another embodiment, the 
fiiel storage tank not shown is carried by the host vehicle external to the hybrid power supply 
module 15, The fiiel supply tank, not shown, will have a pipe connection, not shown, to 
convey fiiel to the fiiel cell 3, and may have a fill connection, not shown, to replenish fiiel, 
and a means to sense and transmit fiiel level to the control electronics 4, not shown. 

[0O29] The fiiel cell 3 may be a common type that oxidizes hydrogen or other fiiel and 
produces an electrical current The fiiel cell 3 will be electrically connected to the control 
electronics 4. The control electronics 4 will monitor all facets of the hybrid power siq)ply 
module IS including ihe fuel cell's 3 ten^erature and other operating parameters, fuel supply 
level, electrical currents, and battery 1 voltage. 

[0030] The first preferred embodiment of the invention is presented sdiematically in FIG. 2. 
Referring now to FIG. 2, as shown in the schematic, solid lines dq>ict the flow of power 
whCTeas dashed lines depict the flow of information. The battery 1, electronic controls 4, and 
host vehicle 3 1 power iiq>ut 7 are electrically connected in parallel on a single buss 16. The 
control electronics 4 will condition the electrical energy fix>m the fuel cell generator 3 and 
supply current to the buss 16. The electronic controls 4 are arranged to continuously and 
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automatically modulate the electrical cuTent to tiie bi2ss 16 in consonance wi& its measured 
electrical potential to accommodate a r^idly vaiying demand. 

10031] The buss 16 potential coxresponds very closely with ttie battery 1 potoitial. Those 
practiced in the art Imow tiiat a lead add battery's 1 state of charge can be detennined by, 
among other means, its electrical potendaL A hi^ electrical potential indicates a higher 
charge and conversely, a low electrical potential indicates a lower charge. 

10032) The fork lift tmck or other host vehicle 3 1 will have varying power demands. Power 
demanded by the host vehicle 31 will draw electrical current from the buss 16. In the absence 
of a fuel cell, the battery 1 electrical potential, and therefore buss 16 potential, will drop with 
increasing host vehicle 3 1 current demand. 

[0033] For example, in an embodiment of the inveation that may be used to power a 
commercial forkiift, the hybrid power siq>ply module 20 could consist of a 2.5 KW or so fuel 
cell 3 and a 48 volt potential, 8 kilowatt-hour, or so, capacity lead acid battery 1, and 
electronic controls 4 all contained within a steel housing 2. The battery 1 edacity can also be 
expressed in ampere-hours. In this case, a 48 volt, 8 kilowatt-hour battery will have a capacity 
of about 167 ampere-hours. This capacity is generally the value which the battery can supply 
at a constant rate over a six hour time period and is thus referred to as the "six hour rate" by 
those practiced in the art As stated before, the battery 1, electronic controls 4, and host 
vehicle power input 7 are electrically connected in parallel on a single buss 16. 

[0034] The battery 1 potential is genmlly equal to the product of die number of cells and the 
cell potential A lead acid battery will have a nominal open circuit potential of slightly over 
2.0 volts per cell wbsa Mty charged. The 48 volt battery 1 used in diis illustrative example 
has 48/2 or 24 cells. The battery 1 potential drops as energy is removed, and is generally 
consid^^ discharged by those practiced in die art when the per cell open circuit potential 
reaches 1 .75 volts or, when multiplied by twenty four cells, 42.0 volts for this illustrative 
example. 

10035) In addition, the battery 1 voltage will drop when si^plying cunmit to a cormected 
electrical load. The reduction in voltage will be greater with increasing current drawn from 
the battery 1 and may reach a value of 0.2 volts per cell or more. For die illustrative example, 
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this translates to 48 v- [0^ v/cell][24 cells] or 43.2 volts for a fiilly charged battery 26 or 42 v 
- [0.2 v/cell][24 cells] or 37.2 volts when fidly discharged 

10036] A lead acid battery is rediarged by reversing the flow of electric current Electricity 
flows fixim higher potential to a lower one, so for electrical current to flow into the battery its 
potential nmst exceed that of die battery 1 . Charging potentials for lead acid batteries are 
typically about 0.3 volts per cell, or so, above die battery's 1 open circuit potential which will 
result in an electrical current rou^y equivalent to 15 percent of die "six hour rate** ampere- 
hour rating. Greater potentials and currents are not desirable, since these may damage the 
batteiy 1. Furthermore, as die battery 1 is charged die current must be reduced so the battery 1 
does not overheat. 

t0037j When the battery 1 is at a low charge, or current draws by the host vehicle 31 is hi^ 
as mdicated by a low electrical buss 16 potential, the foel cell 3 and electronic controls 4 will 
supply a higher current to the buss 1 6. When there is litfle current drawn by the host vehicle 
31 and die battery 1 is nearly folly charged, as indicated by a high electrical buss 16 potential, 
the foel cell 3 and electronic controls 4 will siqjply a smaller current to flie buss 16. The foel 
cell 3 and electroruc controls 4 wiU reduce the cunrat to die batteiy 1 to a v^ small value 
when it reaches a value which corresponds to a folly charged battery 1 . In one preferred 
embodiment of die invention, the foel cell 3 and electronic controls 4 are arranged to provide 
maximum current at buss potentials below about 1 .75 volts per cell, current m amperes of 
approximately 15 percent of the battery 1 "six hour rate" ampere-hour rating at buss 16 
potCTtials from 1.75 to 2.1 volts per cell, current of about 4 percent of the battery 1 "six hour 
rate" ampere-hour rating at buss 16 potentials from 2.1 to 2.7 volts per cell, and current not 
exceeding 0.5 percent of the battery 1 six hour ampere-hour rating at buss 16 potentials above 
2,7 volts per celL When static or operating at low loads, the electrical current supplied to the 
buss 16 from the foel cell 3 via electronic controls 4 serves to maintfltti the battery 1 in a state 
of higjh char;ge and to prevent damage from overcharging. This translates to the following for 
the aforementioned illustrative example: 
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Buss Potential, Volts 


Cuxrent Siqiplied to Buss by 
Genetatcn' and Electroaic Contiols, 
Amperes 


Below 42 


70 


42 to 50.4 


25 


50.4 to 64.8 


7 


Above 64.9 


1 



[0038] The fuel cell 3 may not be enable of supplying the transient peak energy demands of 
the foiklift 31 or other host vehicle. This will manifest itself ^en more electrical current is 
drawn from the buss 16 than can be supplied by ttie fuel cell 3 via the electronic controls 4. In 
this instance, tiie excess power required is supplied by the battery 1, This occurs when the 
host vehicle's 31 electrical current demand exceeds the maximum value of electrical current 
available from the fuel cell 3 and electronic controls 4. In the case of this illustrative example, 
the current from the fiiel cell 3 via the control electronics 4 which normally charges the 
battery 1 reverses to make up the difference. This reversal occurs automatically and passively. 
After tile transient event has passed, and the host vehicle 3 1 electrical current demand drops 
to a value below that which is supplied by the fiiel cell 3 and electronic controls 4, the surplus 
current will once again be returned to the battery 1 for charging. 

[0039] Also in the embodiment illustrated in FIG. 2, an operator display and interface 10 is 
linked to tiie electronic controls 4, for example, by wiring through an umbilical 1 1 and plug 
12, or via a wireless connection (not shown). In the embodiment in which the operator 
display and interface 10 is wired to the electronic controls 4, die operator display and 
interface 10. will receive electrical power from tiie battery 1 and / or fuel cell 3 via the 
electronic controls 4. In the embodiment in which the operator display and interface 10 uses a 
wireless coimection not shown between the electronic controls 4 and operator display and 
interface 10, electrical power to operate tiie display 10 may be supplied by a commercially 
available disposable or rechargeable battery (not shown) mounted within the operator display 
and interface 10. In operation, the opsator display and interface 10 continuously informs the 
human operator of the state of battery 1 charge, fuel cell 3 status, and other sensed 
parameters, and advises when the fuel cell 3 should be operated. The operator display and 
interface 10 may incorporate a screen, gauges, light emitting diodes or other apparatuses (not 
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^own) for conveying the measured parameters. In one embodiment, a switch (not shown) is 
provided on the operator display and inter&ce 10 for the operator to select manual or 
automatic foel cell 3 operation. Push buttons (not shown) are provided on the operator display 
and interface 10 for starting and securing the fuel cell 3 when in the manual mode. 

[0040] The hybrid power sapply module IS may have two modes of operation: manual and 
automatic. In &e manual mode» the authority to opmte the foel cdl 3 resides vnlh the 
operator. The operator may, for example, start the foel cell 3 to replenish the battery 1 charge 
by depressing the start button (not shown) on the operator display and interface 10. The foel 
cell 3 will then start and siqyply electrical current to the buss 16 via controls 4 without foother 
action by the operator. Depressing the stop button (not shown) will secure the foel cell 3. The 
electronic controls 4 may also fonction to. shut-ofFthe foel cell 3 autpmatically if the battery 1 
becomes 100% charged to prevent damage to the battery 1 from overcharging. The manual 
mode is generally selected to prevent operation of the foel cell 3 when operating in areas 
where waste heat, moisture, and fomes are problematic. The automatic mode is generally 
used when fonctioning in areas where the waste heat, moisture, and fomes from the foel cell 3 
are acceptable. In all cases, the electronic controls 4 will inform the operator of the state of 
charge of the battery 1 and advise when the foel cell 3 should be operated to replenish the 
battery 1 when discharged. In the automatic mode, the electronic controls 4 will automatically 
start, operate, and secure the foel cell 3 in accordance with predetermined values of sensed 
parameters including battery charge level and host vehicle energy consumption rate. 

[0041] Whether in manual or automatic mode, foe fonction of the foel cell 3 is overseen by 
foe electronic controls 4 which starts, operates, monitors, and secures foe foel cell 3 wifoout 
forfoer action by foe operator. The electronic controls 4 monitor foe foel cell 3 performance 
parameters such as ten^erature, foel level, and electrical status, and convey visual and 
audible al^ts, cautions, and warnings to foe operator via foe operator interfoce and display 10 
when values outside a prescribed range are sensed. The foel cell 3 may be arranged to 
automatically reduce output or secure if a critical sensed parameter such as tenq>erature 
reaches a predetermined threshold. In foat event, foe operator will also be notified via visual 
and audfole alerts of foe tennination along wifo foe condition that caused foe shut-dowrL 
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(00421 The second piefored embodimrat of tiie invention is presented in FIG. 3 and includes 
the hybrid power siqjply module 20, The hybrid pow^ supply module 20 include an housing 
25. Portions of the extoior sur&ces of the housiog 25 have been cut away in FIG. 3 to reveal 
interior details and exemplary arrangements of various components. Enclosed within the 
housing 25 are a battery 26, an internal combustion engine 21 drivingly connected to an 
generator 22, a fuel storage tank 23, and control electronics 24. The electrical power 
generator 22 and control electronics 24 are electrically connected via cabling, not shown. The 
battery 26 and control electronics 24 are also electrically connected via cabling, not shown. 
The hybrid power supply module 20 depicted in FIG. 3 is electrically connected to the host 
vehicle's power input via electrical cabling and a plug discomiect 27. An operator display and 
inter&ce 28^ is electrically linked to the control electronics 24, through an umbilical 29 and 
plug disconnect 30, or via a wireless connection, not shown. 

[0043] The hybrid power supply module housing 25 may be fiibricated from, for example, 
metal, plastic, or ano&er suitable material and may be sized to fit into &e battery 
compartment of an electric powered mobile machine such as a fork lift or other mobile piece 
of equipment. By way of example, a hybrid power supply module housing suitable for 
industrial machinery may have external dimensions on the order of 15 to 24 inches in width, 
30 to 50 inches in length, and 18 to 30 inches in height In a preferred embodiment, of a 
hybrid power supply module housing for a fork lift, the housing external width, length, and 
height are approximately 21, 38, and 24 inches respectively. The housing 25 of FIG. 3, may 
also have a smooth exterior surface and lack protrusions from the exterior surface to simplify 
installation and removal into said battery compartment. The housing is equipped with a first 
lift points 18 and a second lift point 19 to facilitate handling by overhead hoist machinery not 
shown. Ports for exterior air intake and exhaust discharge 32 are depicted on the bottom of 
the hybrid power siq)ply module 20 in FIG. 3. The exterior air intake and ©chaust discharge 
ports 32 may alternately be located on any side or top of the housing 25. 

[0044] The mtemal combustion engine 21 may consume fossil frtel such as, for example, 

gasoline, diesel, propane gas, natural gas, or other fiiel such as alcohol and may be of 

reciprocatirig (i.e., piston driven) or rotary ragine design. The internal combustion engine 21 

may also be a spark ignition type engine, such as a gasoline reciprocating or rotary engine 

that uses spark plugs to ignite the fiiel, or a compression ignition type engine, such as a diesel 
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engine. For example, a suitable intecnal combustion engine would Fischer Panda PMS 04 D, 
which produces 4 Kilowatts of electrical power using diesel fuel and is contained within an 
envelope of 21 inch hig^i. 21 inches long, and 15 inches wide including starting, cooling, 
mufOing, and engine control systems. The internal combustion engine 21 will be fitted with 
ancillaiy starting, intake air filtration, cooling, lubricating, mufiOing, and speed governing 
systems well known to those practiced in the art and not shown in any FIG. All such ancillary 
equipment and systems are contained within the housing 25. The internal combustion engine 
21 will be fitted with sensors not shown which provide an electrical signal which can be 
correlated to the engine 21 t^perature and lubricating oil pressure. These sensed parameters 
will be transmitted to the electrical controls 24 via electrical cabling not shown. 

[0045] The fiiel storage tank 23 may be incorporated into the housing 25 as depicted in 
FIG. 3, to form a single, self-contained hybrid power supply module 20 that can be lifted, 
transported, stored, installed, operated, and removed fi:om the host machine as a single unit 
In ano&er embodiment, the fuel storage tank 23 is carried by the host vehicle external to the 
hybrid power supply module 20. The fuel supply tank will have a pipe coimection not shown 
to convey fuel to the intenud combustion engine 21, a fill coimection not shown to replenish 
fuel, and a means to sense and transmit fuel level to the control electronics 24, also not 
shown. 

[0046] The generator 22 may be a common type that converts mechanical energy, in the form 
of, for example, a rotating shaft of the internal combustion engine 21, to electrical energy. 
The generator 22 will be electrically cormected to die control electronics 24. The control 
electronics will monitor all facets of the hybrid power supply module 20 including the 
internal combustion engine's 21 speed, temperature, and lubricating oil pressuxe, fuel tank 23 
level, electrical currents, and battery 26 voltage / state of charge. 

[0047] The second preferred embodiment of the invention is presented schematically in FIG. 
4. As shown in the schematic, solid lines depict the flow of power whereas dashed lines 
depict the flow of information such as commands and sensed parameter feedback. Referring 
now to FIG. 4, die battery 26 , electronic controls 24, and host vehicle 31 power input 27 are 
electrically cormected in parallel on a single buss 17. The control electronics 24 will rectify 
and condition the electrical energy fix>m the gmerator 22 and siqpply current to the buss 17. 
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The electronic controls 24 are aixanged to continuously and automatically modulate the 
electrical cuxrent to ttie buss 17 in consonance with its measured electrical potential to 
automatically accommodate a rapidly varying power demand.. 

10048] The buss 17 potential corresponds vay closely with the battery 26 potential. Those 
practiced in the art know that a lead acid battery's 26 state of charge can be detennined by, 
among other means, its electrical potential. A hi|^ electrical potential indicates a higher 
charge and conversely, a low electrical potential indicates a lower charge. 

[0049] The fork lift truck or otiier host vehicle 31 will have varying energy <^eman<1s■ 
Demand from the host vehicle 3 1 will draw electrical current from the buss 17. Jn the absence 
of a generator, the battery 26 electrical potential, and tiierefore buss 17 potential, will drop 
with increasing host vehicle 31 current demand.' 

[0050] For example, in an embodiment of the invention that may be used to power a 
commercial forklift, the hybrid power supply module 20 could consist of a 5 horse power 
internal combustion engine 21 coupled to a 2.5 KW electrical generator 22 and a 48 volt 
potential, 8 Icilowatt-hour capacity lead acid battery 26, and electronic controls 24 within a 
steel housing 25. The engine may be coupled to the generator by a direct or flexible shaft, 
gear box, toothed belt, v-belt or other suitable mechanism for transferring rotary power. The 
battery 26 capacity can also be expressed in ampere-hours of energy. Generally, this rating is 
at a rate which would deplete eighty percent of the battery energy over a six hour period. In 
this case, a 48 volt, 8 kilowatt-hour battery will have a capacity of about 167 ampere-hours. 
This battery is then similar to that used m the first preferred embodiment of the invention 
described above and as such will have an open circuit potential of 48 volts when fully 
charged and approximately 42 volts when eighty percent discharged. The battery potential 
when supplying electrical energy will similarly be reduced to a value of approximately 43.2 
volts when fully charged and 37.2 volts when eighty percent discharged as described in the 
first preferred embodiment Tlie characteristics of the electrical potential required to recharge 
the battery 26 will also be similar to that described for tiie first embodiment of the invention. 

[0051 J When the battery 26 is at a low charge, or current drawn by the host vehicle 3 1 is 
high, as indicated by a low electrical buss 17 potential, the generator 22 and electronic 
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controls 24 will supply a hi^er current to the buss 17. When there is little current drawn by 
ihe host vehicle 3 1 and the battery 26 is nearly fiiUy charged, as indicated by a high electrical 
buss 17 potential, the generator 22 and electronic controls 24 will supply a smaller current to 
the buss 17. The generator 22 and electronic controls 24 will reduce the current to the battery 
26 to a very small value when it reaches a value which corresponds to a fully charged battery 
26. In one preferred embodiment of the invention, the generator 22 and electronic controls 24 
are arranged to provide maximinn current at buss potentials below about 1.75 volts per cell, 
current in amperes of approximately IS percent of the battery 26 six hour ampere-hour rating 
at buss 17 potentials fiom 1.75 to 2.1 volts per cell, current of about 4 percent of the battery 
26 six hour ampere-hour rating at buss 17 potentials from 2.1 to 2.7 vohs per cell, and current 
not exceeding 0.5 percent of the battery 26 six hour ampere-hour rating at buss 17 potentials 
above 2.7 volts per cell. When static or operating at low loads, the electrical current supplied 
to the buss 1 7 from the generator 22 and electronic controls 24 serves to maintain the battery 
26 in a state of high charge and to prevent damage from overcharging. This translates to the 
following for the illustrative example: 

' I 



Buss Potential, Volts 


Cuiient Si^plied to Buss by 
Goierator and Electronic Controls, 
Amperes 


Below 42 


70 


42 to 50.4 


25 


50.4 to 64.8 


7 


Above 64.9 


1 



[0052] The electrical power generator 22 may not be capable of supplying the transient peak 
energy demands of the forklifl 31 or other host vehicle. This will manifest itself when more 
electrical current is drawn from the buss 17 than can be suppUed by the generator 22 via the 
electronic controls 24. In this instance, the excess power required is supplied by the battery 
26. This occurs when the host vehicle's 31 electrical current demand exceeds the maximum 
value of electrical current available from the generator 22 and electronic controls 24. In this 
case, the current from the generator 22 via the control electronics 24 vA:dch normally charges 
the battery 26 reverses to make up the difference. This reversal occurs automatically and 
passively. Aft^ the transient event has passed, and the host vdiicle 31 electrical current 



15 



wo 01/079012 PCT/USOl/12148 

demand drops to a value below that supplied by the generator 22 and electronic controls 24, 
the surplus current will once again be returned to the battery 26 for charging. 

I0O53] Also in die second prefcired embodiment iUustxated in FIG. 4, an operator display and 
interface is linked to the electronic controls 24» for example, by wiring dirough an umbilical 
29 and plug 30, or via a wireless connection not shown. In the embodiment in which the 
operator display and int»&ce 28 is wired to the electronic controls 24, the operator display 
and interfiice 28 will receive electrical power from the battery 26 via &e electronic controls 
24. In the embodiment in which the operator display and interface 28 uses a wireless 
coimection between tiie electronic controls 24 and operator display and inter&ce 28, electrical 
power to operate the display 28 may be supplied by a commercially available disposable or 
rechargeable batt^ not shown mounted within the operator display and inter&ce 28. hi 
operation, the operator display and inter£ice 28 continuously informs the human operator of 
the state of battery charge, electrical generator fuel tank level, and o&er seised parameters, 
and advises when the goierator 22 should be operated. The operator display and interface 28 
may incozporate a screen, gauges, light emitting diodes or other ^aratuses not shown for 
conveying the measured parameters. In one embodiment, a switch not shown is provided at 
the operator display and interface 28 for the operator to select manual or automatic generator 
22 operation. Push buttons not shown are provided for starting and stopping the generator 22 
when in the manual mode. 

[0054] The hybrid powo* supply module 20 may have two modes of operation: manual and 
automatic. In the manual mode, the authority to operate the generator 22 resides with the 
operator. The operator may, for example, start the generator 22 to replenish the battery 26 
charge by depressing die start button on the operator display and interface 28. The power 
generator 22 will then start and supply electrical current to die buss 17 without further action 
by the operator. Depressing the stop button not shown will shut-off die generator 22. The 
electronic controls 24 may also function to shut-off the power generator 22 automatically if 
the battery 26 becomes 100% charged to prevent damage to the battery 26 from overcharging. 
In the automatic mode, the electronic controls 24 will automatically start and shut-off the 
generator 22 in accordance with predetermined values of sensed parameters including battery 
charge level and rate of energy consumption. 
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[0055] The manual mode is gcncFBlly selected to prevent operation of the pow^ internal 
combustion engine 21 when functioning in areas ^ere noise, heat, and fumes are 
problematic. The automatic mode is genially used when functioning in areas where the 
noise, heat, and fumes firom the internal combusticn engine 21 are acceptable. In all cases, 
the operator display and interface 28 will infoma the operator of the state of charge of the 
battery 26 and advise when the generator 22 should be operated 

[0056] Whether under manual or automatic control, ttie function of the gmerator is overseen 
by the electronic controls 24 which starts, operates, and monitors, and secures the generator 
without action by the op^ator beyond pressing die appropriate button* 

[00571 The electronic controls 24 monitor the internal combustion engine 22 perfonnance 
parameters such as temperature, oil pressure, fuel level, and electrical status, and conveys 
visual and audible warnings to the operator via the operator inter&ce and display 28 when ' 
values outside a prescribed range are sensed The internal combustion engine 21 and 
electrical generator 22 are shut down and secured automatically if a critical sensed parameter 
such as oil pressure or tenq)eraturo reaches a predetermined threshold. In that event, the 
operator will also be notified via visual and audible alerts of die termination along with the 
condition that caused the shut-down. 

[0058] Referring now to FIG. 5, the hybrid power supply module 20 is shown being lowered 
into an electric fork lift 33 battery compartment 34 wherein an access cover 35 of the fofklift 
33 is opened to receive the hybrid power svtpply module 20. While the second preferred 
embodiment of the hybrid power supply module 20 has been used to illustrate the act of 
installing it in the place of the regular electric foric lift 33 battery not shown. The installation 
of the first embodiment of the hybrid power supply module will be similar. The hybrid 
power siq)ply module 20 may be placed in the forklifl 33 by some means of an overhead 
lifting device not shown. It is also shown that the invention may be equipped with lifting 
fixtures 36 and associated hardware to &cilitate handling by an overhead lifting device not 
shown. The forklift 33 illustrated includes an electrically powered drive train consisting of 
omni directional wheels 37 that are rotatably attached to the fork lift 33 chassis. A lifting 
mechanism 38 is also opeiably afBxed to the fork lift 33 which may, fi^r example, include 
lifting, tilting and gripping mechanisms to facilitate material handlmg by the fork lift 33. As 
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evidenced by fhe foregoing desoiption, one aspect of this invention is the design of a 
removable hybrid power si^ly module 20 for machinery sudi as, bxit not limited to, a 
foiklift33. 

IP059] In anottier embodimrat, an external combustion engine may be coupled to an electric 
generator and enclosed widun a housing with an electrical storage device such as a battery. 
In such an embodimmt, an esctemal heat transfer device, such as a boiler or burner, adds 
energy to the working fluid, such as water or air, which is then expanded within the engine to 
drive a piston or turbine, which turns a drive shaft The drive shaft of tfieextonal 
combustion engine is coiq>led, sudi as ftrough a gear box, a toothed belt or a v-belt, to an 
electric generator which produces electricity used to operate the vehicle and to charge fhe 
battery. A suitable external conibustion engine would be a gas turbine. . 

p)060] In yet another embodiment, an extCTial source of hi^ pressure ^s, such as 
coinpressed air, is used as the woridng fluid that drives a piston or turbine engine which is 
coupled to an electrical stor^e device. In such an onbodiment, compressed gas is fed fiom 
an external conqpressor or gas storage tank to die ei^gine via a high pressure hose. The high 
pressure gas is expanded widnn die engine to drive a piston or turbine, which turns a drive 
shaft The drive shaft of the compressed-gas engine is coupled to an electric generator which 
produces electricity used to operate the vehicle and to charge the battery. Such an 
embodiment would be use&I in applications where environmental considerations preclude 
using a combustion engine, operational requirements exceed the stored energy capacity of 
batteries and it is possible to connect the vehicle to a high pressure air supply via an air hose. 

[0061] While various embodimrats of the present invention have been described above and 
in the drawings, it should be understood that they have been presented only as examples, and 
not as limitations. Thus, the breadth and scope of the present invention should not be limited 
by any of the above-described exemplary embodiments, but should be defined only in 
accordance wi& the following claims and then: equivalents. 
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1. A r^ovable power source* comprising: 
a housing ; 

a battery disposed within said housing; 

an electrical power generator disposed wiOun said housing; and 

a power control module disposed within said housing and coiQ>led to said battery and 

said electrical power generator and arranged to siqyply power to a machine from eUher said 

battery or said generator. 

2. The power source of claim I» wherein said electrical power generator further 
comprises: 

an internal combustion engine; and 

an electrical generator coupled to said internal combustion engine. 

3. The power source of claim 1, whmin said electrical power generator further 
comprises a fiiel celL 

4. The power source of claim U wherein said housing is sized to fit in a compartment for 
holding a battery of said machine. 

5. The power source of claim 4, wherein said housing is removable from the 
compartment for holding a battery. 

6. The power source of claim 2, wherein said internal combustion engine is a spark 
ignition engine. 

7. The power source of claim 2, wherein said internal combustion engine is a 
compression ignition engine. 

8. The power source of claim 2, wherem said internal combustion engine is a rotary 
engine. 
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9. The power source of claim 2, herein said internal combustion engine is a 
reciprocating engine. 

1 OA method of replacing a battery in an electric powered machine wi& a rapidly 
renewable power source, comprising: 

uncoi^Iing &e battery from the machine; 

removing the battery from the battery compartment of the machine; 
placing a rapidly renewable power source in the battery compartment; and 
coupling the npidly rmewable power source to the machine. 

1 L A method for converting a battoy-powered machine to a hybrid powered 
machine comprising the steps: 

uncoupling Ute battery from the machine; 
removing the battery from the machine; 

placing a hybrid power source in the battery compartment of flie machine; and 
coupling the hybrid power source to the machine. 

12. A vehicle, comprising: 
a chassis; 

a wheel rotatably attached to said chassis ; 
an electric motor coupled to said chassis and to said wheel; and 
a power source electrically coupled to said electric motor, said power source 
comprising; 

a housings 

a battery disposed within said housing, 

a power control module disposed within said housing and coiq>led to said battery, 
and 

an electrical power generator disposed widiin said housing and coi^led to said 
powOT control module. 

13. The vehicle disclosed in claim 12 wherein said vehicle is a forklift further 
comprising 

a lifting mechanism coupled to said chassis. 
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14. The vehicle disclosed in claim 12 wherein said vehicle is a woik platfonn further 
compnsmg a scissor type lifting niTChanism coupled to said chassis. 

15. The vdiicle of claim 12, wherem said housing is removable as a unit. 

16. The power source of claim 1, wherein said electrical power generator further 
comprises: 

an external combustion engine; and 

an electrical generator coiq)led to said external combustion engine. 

17. The power source of claim 16, herein said external combustion engine is a gas 
turbine. 
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21-01-1999 


DE 


19756083 Al 


04-02-1999 








UO 


9902358 Al 


21-01-1999 








EP 


0993385 Al 


19-04-2000 




A 


10-06-1986 


NONE 






OE 4321768 


A 


12-01-1995 


OE 


4321768 Al 


12-01-1995 


GB 1129709 


A 


09-10-1968 


NONE 






EP 0936178 


A 


18-08-1999 


JP 


11222390 A 


17-08-1999 








CN 


1225333 A 


11-08-1999 








EP 


0936178 Al 


18-08-1999 








US 


6189636 Bl 


20-02-2001 
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